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1. 0 INTRODUCTION

1.1 PURPOSE

The preferred alternative in the proposed plan for the 1301-N and 1325-N Cribs/Trenches
(currently undergoing regulatory review) requires the removal and disposal of contaminated
material at the Environmental Restoration Disposal Facility (ERDF) (DOE-RL 1997). Various
methods are available for excavation, transportation, and disposal of the material at ERDF. This
study will evaluate the issues associated with the various methods, focusing on radiation
exposure and safety hazards. Furthermore, the study will develop and compare options to
implement the preferred alternative.

1.2 OBJECTIVES

The specific objectives for this study are as follows:

• Evaluate methods to excavate, transport, and dispose of 100-N Crib/Trench waste
• Develop remediation options based on combinations of the various methods
• Perform a dose and cost evaluation for each option
• Identify a preferred option.

^

1.3 REPORT STRUCTURE

This report is divided into seven main sections. Sections 1.0 and 2.0 provide the scope,
objectives, and background information. Section 3.0 presents criteria to evaluate remediation
options. Section 4.0 presents the basis to develop remediation options. Section 5.0 presents
radiation dose evaluation and cost estimate results for each option. Section 6.0 presents issues
that may need to be addressed during remedial design. Section 7.0 presents conclusions and
recommendations.

Subsequent to the publication of revision 0 of this engineering study, additional characterization
of the 1301-N and 1325-N Cribs and Trenches was conducted as recommended in Chapter 6.0.
The results of that characterization are reported in the Data Summary Reportfor 116-N-1 and
116-N-3 Facility Sampling to Support Remedial Action Design (BHI 1999). The 1998 data
supersede the data presented in Appendix A. Remediation volumes presented in Appendix B are
superseded by volumes presented in Appendix E, Attachment 2, and dose modeling in Appendix
C has been replaced by the estimates in Appendix E, Attachment 1. The characterization results
indicated that the remediation options presented in Section 4.4 and discussion and conclusions
presented in Sections 5.0, 6.0 and 7.0 are no longer applicable and that a new option needs to be
evaluated. The new option and revised conclusions are discussed in the Addendum to the
100-NR-1 Treatment, Storage, and Disposal Units Engineering Study (Appendix E).

1-1
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2.0 BACKGROUND

2.1 1301-N CRIB AND TRENCH

The 1301-N unit is located in the 100-NR-1 Operable Unit, approximately 240 m(800 ft) from
the Columbia River (Figure 2-1). The 1301-N unit is composed of two parts: a crib and a
zig-zag trench. The crib area is approximately 88 m(290 ft) long by 38 m(125 ft) wide and
about 1.5 m(5 ft) deep. The elevation at the bottom of the crib is 137.16 m(450 ft) above mean
sea level (amsl), and the surrounding grade is approximately 138.68 m(455 ft) amsl. A sloped
soil and gravel embankment forms the walls of the crib.

An underground 91-cm (36-in.)-diameter main effluent line from the 105-N lift station
discharged into the crib through a 16- by 3.7-m (52- by 12-ft) concrete weir box, which was
initially open on top. The weir box, commonly referred to as the "horse trough," was designed to
fill and then overflow into the crib. Also discharging into the crib was an underground
30-cm (12-in.)-diameter effluent drain line from the N-Reactor basin floor drains.

The bottom of the crib was initially filled with a 0.9-m (3-ft) layer of large boulders. In early
1981, an additiona10.6-m (2-ft) layer of smaller boulders was added to the top of the large
boulders to cover surface contamination. This layer started near the weir box and extended
northeast approximately 31 m(100 ft) along the length of the crib. During August and
September 1988, the entire crib was covered with cobble-sized material to an additional depth of
1.2 to 1.5 m(4 to 5 ft) (BHI 1996). Consequently, for remedial design purposes, the actual depth
of the rocks and boulders may vary throughout the crib from as little as 2.1 m(7 ft) to as much as
3.4 in (11 $).

The 1301-N zig-zag irench was constructed in 1965 and is 490 m(1,600 ft) long by 3 m(10 ft)
wide at the bottom and 3.7 m(12 ft) deep with sloped side walls. Water spilled over the weir in
the dike on the north side of the crib into the trench. Boulders and cobbles were not placed in the
trench as they were in the crib. Wooden poles laid across the trench were used to support wire
screen to prevent bird intrusion.

In early 1982, precast concrete panels were installed to cover the trench to minimize wildlife
intrusion and airborne contamination. These panels created a 15-m (50-ft)-wide cover over the
top of the trench. The panels are supported by concrete foundations and beams; the panels span
the trench. The wooden poles and wire mesh were left in place. The gap between the ends of the
cover panels and the trench walls was backfilled to prevent wildlife intrusion. The joints
between adjacent panels, extending across the trench along the support beams, were grouted.
After backfilling, the side slopes outside the cover were sprayed with a layer of shotcrete to
prevent erosion and rodent intrusion.

In 1995, a limited field investigation was performed. Part of the scope of this investigation was
to drill an exploratory boring in the 1301-N Crib to determine potential impacts to groundwater

is
from crib contamination. Site preparation for drilling consisted of placing a drill pad that
consists of 0.61 m(2 ft) of clean fill over part of the crib to provide shielding during drilling

2-1
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operations. This drill pad material was included in contaminated volume calculations presented ^
in this report.

2.2 1325-N CRIB AND TRENCH

Routine sampling of riverbank springs in 1982 showed an increase in radionuclide concentrations

reaching the river, indicating reduced effectiveness of the 1301-N unit to retain radionuclides in

the soil column. This sampling led to the construction of the 1325-N Crib. To transfer effluent

to 1325 N, the 1301-N weir box was modified by adding two 91-cm (36-in.)-diameter, discharge

pipelines (opposite the inlet lines) and a cover.

The 1325-N unit was also comprised of two parts: a crib and a straight trench. The 1325-N Crib
was constructed and operational in October 1983 as a replacement for the 1301-N unit that had
reached its disposal capacity. The 1325-N unit operated until April 1991, and the unit was
dismantled in 1993. The 1325-N unit is located approximately 300 m(1,000 ft) east and 61 m
(200 ft) north ofthe 1301-N unit (Figure 2-1).

The 1325-N Crib is 76 by 73 m(250 by 240 ft) and has a concrete cover positioned about 4 m
(13 ft) below the surrounding surface grade, which is about 137 m (451 ft) amsl. The cover is
made of precast concrete panels with grout-sealed joints.

Effluent was delivered to the 1325-N Crib through a 366-m (1,200-ft)-long by 91-cm (36-in.)-
pipeline. A reinforced concrete-header, box-and-trough system distributed the effluentdiameter

in the 1325-N Crib. Effluent entered from the 91-cm (36-in.) pipeline into the main distribution
trough that runs down the center of the crib. The effluent flowed through holes in the sides of the
main distribution trough into the distribution laterals. Similar holes in the sides of the
distribution laterals allowed the effluent to evenly discharge to the soil column.

The 1325-N Crib did not achieve its designed flow capacity because of low percolation rates in
the soil column; therefore, the 1301-N unit was used as an alternate discharge point to prevent
the 1325-N Crib from overflowing (BHI 1996). During October and November 1983, the crib's
capacity was exceeded two or three times causing it to overflow. Each overflow traveled no .
more than 6.1 to 9.1 m (20 to 30 ft) from the crib's concrete cover. All contamination stayed
within the fenced boundary, and each overflow was covered with a 15- to 20-cm (6- to 8-in.)
layer of clean 2.5- to 5-cm (1- to 2-in.) river rock. After these initial incidents, the flow to
1325 N was controlled to prevent any farther overflows.

Construction of the 1325-N straight extension trench started 3 months after the crib began
operation (BHI 1996). The 1325-N straight extension trench was operational in September 1985.
The trench is 914 m (3,000 ft) by 16.8 m (55 ft) and is 3.05 m (10 ft) deep from the bottom of the
concrete panels to the soil percolation surface, which is at an elevation of 133.2 m (437 ft) amsl.
This trench is also covered with precast concrete panels placed close together, but left unsealed;
the panels have lifting lugs. CentracoreTM' concrete panels measuring 0.6 m(2 ft) by 20.3 cm
(8 in.) were placed unsealed along the sides of the trench. The sides of the trench were

isbackfilled, which created a minimum barrier of 0.9 m (3 ft) for burrowing animals.
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The trench is divided into four equal sections by three dams. Only the first 226 m (740 ft) of the
1325-N Trench were used, as effluent levels never rose high enough to cross the first dam. The
dams are composed of structural fill and concrete. A layer of riprap was added on the
downstream side of each dam to prevent scouring. The top 0.6 m (2 ft) of the trench bottom was
dredged periodically to remove the fines to enhance percolatioii and reduce plugging.

In September 1985, 1325 N became the primary liquid waste disposal facility at 100 N, and
1301 N was used only as an emergency discharge point. In December 1986, N Reactor was
placed on standdown status for an extended maintenance and safety upgrade. Thus, discharges to
1325 N decreased significantly and ceased in April 1991.

2.3 LIMITED FIELD INVESTIG,ATION AND CORRECTIVE. MEASURES STUDY
RESULTS

A limited field investigation (LFI) (DOE-RL 1996a) was conducted in 1995 to investigate the
contaminant and moisture distribution in soil beneath the 1301-N and 1325-N units. Three
boreholes (199-N-107A, 199-N-108A, and 199-N-109A) were drilled at the facilities
(Figure 2-2). Borehole 199-N-107A was drilled within the 1301-N Crib, while boreholes
199-N-108A and 199-N-109A were drilled adjacent to the 1301-N Trench and 1325-N Crib,
respectively. The analytical results from the boreholes are presented in Appendix A.

Field investigations showed that soil contaminant concentrations were highest near the base of
the facilities and decreased dramatically with depth. Principal radionuclides were the same at
both 1301 N and 1325 N and include cobalt-60, cesium-137, strontium-90, europium-152,
europium-154, tritium, and plutonium-239/240. Chemical contamination (nitrate, mercury, and
chromium in 1301 N) may also be present.

In addition to the LFI boreholes, historical operations' data from the surface samples taken from
1980 to 1985 were used to support the LFI (DOE-RL 1996a). The quality of these data cannot be
determined due to a lack of QA/QC documentation; however, these data were still used to
support this study. However, additional sampling must be implemented in the design phase to
confirm the surface sample values. Locations for these samples are shown in Figure 2-3, and the
analytical results are presented in Appendix A.

A corrective measures study (CMS) dose estimate showed higher radiation exposure to workers
for the 1301-N and 1325-N Crib/Trench remediation as compared to other 100 Area
remediations. Based on the evaluation of the data, it was determined that cesium-137 and cobalt-
60 are the radionuclides of concern for gamma-emitting radiation. Cobalt-60 and cesium-137 are
considered to be the major contributors of the external radiation sources, thus providing the
majority of exposure to workers, especially during excavation/remediation. Plutonium-239/240
and strontium-90 are the radionuclides of concern for airborne contamination.

2-3
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2.4 CONCEPTUAL MODELS
is

The conceptual models presented in the CMS identified a zone of contamination targeted for
excavation. This study uses the data from the CMS to further develop the layers of
contamination to be excavated.

2.4.1 Typical Contamination Layer

While developing this engineering study, it became evident that ERDF operational constraints

may be the dominant factors in developing approaches to remediate the sites. Airborne

contamination is the constraint for ERDF operations. Calculations showed that plutonium and

strontium were dominant contributors for airborne contamination. Therefore, the team evaluated

the available data to determine if there was any obvious layering of plutonium and strontium in
the waste zone.

A review of the data collected reveals that limited information is available on the layer of waste

that is targeted for excavation (the 1.5-m [5-ft]-thick layer of sediment and soil directly below the

cribs and trenches). Surface samples are available for only the 1301-N Trench and the 1325-N

Crib. One surface sample data point was eliminated because it did not represent the average

contamination present in this layer (based on upstream concentration levels during N-Reactor

operations). However, the data point may represent a "hot spot," which would be further

characterized and dealt with during remedial design.

Only one borehole, 199-N-107A, was drilled through the layer of waste targeted for crib and 49
trench excavation with three samples taken in the zone of interest of this study. The other
boreholes from the LFI were not considered because the placement of these boreholes was

outside the cribs and trenches and did not represent the waste in the zone of interest. The

199-N-107A samples were taken starting at a depth of 0.3 m (1 ft) below crib soil surface to

1.5 m (5 ft) below.

Therefore, this study assumes that an average value of the 1301-N Trench surface sample results

represents the upper 0.3-m (1-ft) layer of contamination. This has been labeled as the

high-activity layer (average plutonium-239/240 from 1301-N Trench data used in study is

41,000 pCi/g). An average of the three sample results taken from the borehole represents the

next 1.2-m (4-ft) layer of contamination in all of the cribs and trenches. This has been labeled as

the low-activity layer (average plutonium-239/240 used is 1,900 pCi/g).

A typical contamination zone was developed using the available analytical data (as mentioned
above) and the following assumptions:

The bottom width of the contaminated layer is the same as the width of the trench at the
operating water level.

The depth of the contamination layer is 1.5 m (5 ft) from the bottom of the crib and
trench (except for 1301-N Crib; the bottom of the crib starts below the 2.7 m (9 ft) of ^
boulders).

2-4
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^ • The contamination extends from the bottom width upward at 1.5:1 slope and intersects

the horizontal line of the operating water level.

Figure 2-4 presents the typical cross section for the contamination layers used to calculate

contaminated volumes targeted for excavation. This typical section was applied to the 1301-N

and 1325-N Cribs and Trenches. Figure 2-4 also presents the average concentrations used for

each layer. Figures 2-5 and 2-6 show how the typical cross section is applied to the crib and

trench areas.

2.4.2 1301-N Crib

The 1301-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The

surrounding grade is at an elevation of 138.68 m (455 ft) amsl; therefore, the bottom of the

excavation will be at 134.11 m (440 ft) amsl (Figure 2-7). The low-activity soil is in a layer from

134.11 to 135 m (440 to 444 ft) amsl, while the high-activity soil is in a layer from 135 to

135.7 m (444 to 445 ft) amsl. The layer of boulders on top of this varies in thickness, but was

assumed to be 2.7 m (9 ft) thick over the entire area of the crib. The lower 1.5-m (5-ft) layer of

boulders is assumed to have high-activity contamination, while the upper 1.2-m (4-ft)-thick layer

is assumed to have low-activity contamination.

2.4.3 1301-N Trench

• The 1301-N Trench is a separate structure from the 1301-N Crib. The trench is a long, narrow

excavation with shallow, sloping sides (1.5:1.0). As shown in Figure 2-3, the surrounding grade

level in this area is approximately 138.68 m (455 ft) amsl. The low-activity contaminated soil

below the trench extends from 132.37 to 133.6 m (434 to 438 ft) amsl, while the high-activity

contaminated soil layer extends from 133.6 to 133.8 m (438 to 439 ft) amsl. Concrete panels

cover the trench at an elevation of 138.1 m (453 ft) amsl.

2.4.4 1325-N Crib

The 1325-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The

surrounding grade is at an elevation of 137.5 m (451 ft) amsl; therefore, the bottom of the

excavation will be at 132.9 m (436 ft) amsl (Figure 2-8). The low-activity soil is in the layer

from 132.9 to 134.2 m (436 to 440 ft) amsl, while the high-activity soil is in the layer from 134.2

to 134.5 m(440 to 441 $) amsl. The crib is covered with concrete panels at an elevation of

136.3 m (447 ft) amsl.

2.4.5 1325-N Trench

The 1325-N Trench is a long, narrow trench with shallow sloping sides (1.5:1.0). As shown in

Figure 2-8, surrounding grade level in this area is approximately 137.5 m (451 fft) amsl. The

low-activity contaminated soil below the trench extends from 131.7 to 132.9 m (432 to 436 ft)

amsi, while the high-activity contaminated soil layer extends from 132.9 to 133.2 m (436 to

• 437 ft) amsl. Concrete panels cover the trench at an elevation of 136.3 m (447 ft) amsl.
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Figure 2-1. 1301-N and 1325-N Crib/Trench Locations.
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Figure 2-3. 1301-N Trench and 1325-N Crib Surface Sample Locations.
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. 3. 0 CRITERIA FOR REMEDIATION OPTIONS EVALUATION

3.1 VALUE ENGINEERING METHODOLOGY

This study used value engineering techniques to support development of remediation options,
and, subsequently, select the most cost-effective option for remediation.

Two of the three major stages of a typical Value Engineering Study were used, as presented
below:

Prestudy (Planning) Stage: The team members were briefed on the project,
expectations outline, and specific responsibilities to execute the study.

Job Plan (Study) Stage: This stage consists of a five-phase study process.

Investigation Phase: The following tasks were performed:

a. Review and discuss information provided by the project and/or gathered

by team members during the prestudy stage

• b. Identify major functions of the system and/or task and function
relationships (Figure 3-1)

c. Establish and/or estimate cost of each major function

d. Select specific functions for examination.

2. Speculative/Creative Phase: The team discussed and generated creative ideas to
achieve the required functions.

3. Evaluation/Analysis Phase: The study team evaluated all ideas and eliminated the

ideas/options that are not feasible and do not satisfy project requirements. The

remaining ideas/options will be ranked in the order of feasibility and life-cycle

cost.

4. Development/Planning Phase: The study team developed the best remediation

options.

5. Presentation Phase: Appropriate documentation of the study results will be
prepared for presentation.

• Implementation Stage: (Not part of this study, applies to design and remedial action
phase.)

^
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3.2 VALUE ENGINEERING CRITERIA

The team developed eight criteria to evaluate each option (Figure 3-2), with the first criterion

being a general evaluation of how well each option would satisfy all the criteria combined. All

the criteria, except the first, were compared using the Value Engineering-Paired Comparison

technique to determine a hierarchy. The dominant criterion was then assigned a relative value

from 1 to 4, with 1 being no preference and 4 being a major preference between the two criteria.

The resulting relative scores were totaled. The criteria were then ranked by their total relative

score. These relative scores determine the weighting of each criteria to evaluate the options.

Each option was ranked against each criterion. The ranking for each option was summed to
determine a total score. The results are provided in Figure 3-3. The alternatives that achieved a
ranking better than 327 (calculated by assigning a "Good" rating in each category) were carried
forward to calculate life-cycle costs.
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Figure 3-2. Criteria Weighting Process.
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4. 0 REMEDIATION OPTIONS

4.1 REMEDIATION ISSUES

The remediation options presented in the following subsections were developed by

Environmental Restoration Contractor staff from the Engineering, Field Support, Radiological

Engineering, Sample/Data Management, Transportation, and Waste Disposal organizations. The

project team examined issues related to excavation, transportation and disposal, and how these

systems can support remediation of the cribs and trenches. Issues evaluated included personnel

safety, airborne contamination, site access, radiation exposure (dose), handling of concrete

panels, debris, and contaminated boulders. Based on the project team's evaluation, the following

two issues had the most impact in developing the remediation options:

High radiation exposure during remediation
ERDF operational constraints.

Five remediation options were developed consistent with the remove and dispose remedial

alternatives presented in the draft proposed plan for the cribs/trenches.

4.2 HIGH RADIATION EXPOSURE

^ Cobalt-60 and cesium-137 provide high-energy gamma radiation that could contribute significant

dose to workers. Therefore, a common denominator for all issues related to removal, excavation,

transportation, and disposal was the management of the dose to workers during each operation.

Dose is managed by applying three factors: time, distance, and shielding. Examples of applying

these factors during the development of remediation options are as follows: (1) providing

shielded areas where workers can minimize their exposure to radiation, (2) selecting equipment

with longer booms to increase distance between workers and contamination, (3) using cranes to

handle high-activity packages to provide more distance, (4) placing a layer of soil on top of the

contamination area to provide a working surface for equipment and shielding for workers, and

(5) using shielding on excavators, forklifts, and trucks.

4.3 ERDF OPERATIONAL CONSTRAINTS

The study team determined that allowable airborne concentrations would be a limiting operating

factor for disposing 1301-N and 1325-N Crib and Trench waste at ERDF. Therefore, an

alpha-emitting airborne concentration limit was calculated based on plutonium-239/240. It was

assumed that ERDF would receive waste from other areas during remediation of the 1301-N and

1325-N Cribs and Trenches. The volumes of waste material from these other areas were

assumed to be two-thirds of the total receipts at ERDF, with the remaining one-third coming

^ from 1301-N and 1325-N Crib and Trench remediation.

The worst-case operation scenario at ERDF would involve 600 gg/m' of dust in the worker's

breathing zone for 500 hr/yr. At this dust level a concentration of 270 pCi/g of
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plutonium-239/240 will result in an airborne level that is 9% of a derived airborne concentration
is(DAC) and deliver 100 mrem/yr to the worker. Studies have shown that standard construction

work can produce dust loading of this magnitude. Therefore, the 270 pCi/g limit was used for
existing ERDF operations that are similar to standard construction operations.

Another option for ERDF operations was developed by raising the plutonium soil concentration

limit, which could be accomplished by increasing operational requirements at ERDF.

Operational controls that would be required to raise the limit could consist of increased dust

control measures, strategic placement of waste at ERDF and workers handling this material,

increased coordination of all other waste delivered to ERDF, increased monitoring of dust

loading, and containerization of high-activity material. Therefore, 2,000 pCi/g
(plutonium-239/240) were calculated as an upper bound limit based on failures of airborne

control requirements creating conditions that exceed posting and respiratory protection
requirements. Limits higher than 2,000 pCi/g (plutonium-239/240) would require ERDF
personnel to wear respiratory protection while disposing waste. However, it is desirable to avoid

using respiratory protection based on industrial health and safety consideration involving heat

stress, vision impairment, communication impairment, and reduced worker efficiency. In
addition, 10 CFR 835, sec. 835.1002(c), states "Regarding the control of airborne radioactive

material, the design objective shall be, under normal conditions, to avoid releases to the
workplace atmosphere and in any situation, to control the inhalation of such material by workers

to levels that are ALARA; ..."

The 2,000 pCi/g (plutonium-239/240) limit is based on dust-loading measurements. Dust-
loading

^
measurements at ERDF require maintaining dust levels below the upper limit of

100 µg/m3 with an average loading of 50 µg/m' to workers. In these conditions, 2,000 pCi/g of

alpha-emitting isotopes could safely be handled without exceeding target airborne concentrations

during normal operating conditions. This is an acceptable value since a severe failure (dust

loading of up to 1,000 µg/m) in engineering controls will result in an airborne concentration just

at 1 DAC. As a result, respiratory protection will not be required for ERDF personnel.

4.4 REMEDIATION OPTIONS

Remediation options were developed by engineering, field support, radiological, and sampling
management staff. The options presented in the following sections are all supported by the same
excavation, concrete/debris, and cobble/boulder removal methods. Sections 4.4.1 through 4.4.3
describe these methods.
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4.4.1 Excavation

Excavation would be accomplished by using a trackhoe excavator equipped with an extended

reach boom. Side slope benching along the trench shall be performed, as necessary, to position

the trackhoe, establish a laydown area, and permit transportation of packaged material (B-25

boxes or roll-on/roll-off containers). The trackhoe operator would start excavation at the side of

the trench and/or crib and remove material from the bottom and side slope. When the reach of

the boom is exceeded, soil cover will be placed on top of the exposed surfaces to reduce dose

exposure and provide a surface for the excavator to relocate to continue removing material.

Excavated material will be placed and packaged in either ERDF roll-on/roll-off containers or

B-25 boxes. These containers will be staged for transport to ERDF.

4.4.2 Removal of Concrete Panel and Debris

Concrete panels, structural supports, and large debris will be rigged for crane removal and

monitored for contamination. Removal of concrete panels and supports will be consistent with

the excavation, limiting the amount of trench exposed unprotected. Material not directly in

contact with the soils of the trench will be surveyed and decontaminated, as required (reasonable

determination made in the field), and clean material will be staged for alternate disposal.

Contaminated material will be sized in accordance with ERDF bulk waste supplemental criteria

and transported to ERDF for disposal. Smaller concrete material and debris in contact with the

soils or requiring significant decontamination efforts will be removed by the excavator and

placed in the appropriate package or container for disposal at ERDF.

4.4.3 Cobble and Boulder Removal

Cobble and boulder layers comprise the upper most region of the 1301-N Crib area to be

remediated. The cobble layer is considered low level and will be excavated into roll-on/roll-off

containers and transported to ERDF. During the excavation of the cobble, a layer of cobble will

remain to provide shielding while removing the high-activity material (boulders and soil beneath

the boulders). High-activity material will be packaged directly into containers (B-25 boxes)

without blending or will be proportionally blended with low-level soil into roll-on/roll-off

containers.

4.4.4 Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Soil

Concentration Limit

This option consists of mixing the higher and lower activity material to meet the soil

concentration limit of 270 pCi/g (plutonium-239/240). This mixing will reduce soil

concentrations to address airborne contamination dose to workers. It is assumed that lower

activity material from other sites and onsite materials from crib/trench excavation operations will

be used for mixing to meet this limit. Mixing operations will consist of excavating and placing a

predetermined amount of higher activity crib/trench soil in a standard transport container (RCI

container) and subsequently placing a predetermined amount of lower activity stockpiled soil in

the container. Once the container is filled, it will be transported to ERDF for free dumping.

Excavation operations for this option will require the placement of clean and/or lower activity

soil on the crib/trench surface soils for shielding during excavation. Figure 4-1 presents this
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option. However, this option was not carried forward, based on the Value Engineering Study ^
results presented in Section 3.0.

4.4.5 Option 2: Increase Soil Concentration Limit to 2,000 pCi/g

This option introduces operational controls for airborne contamination at ERDF so that ERDF
soil concentration limits can be increased to 2,000 pCi/g for plutonium-239/240. The same
mixing and shielding operations will apply from Option 1; however, the increased limit will
lessen the amount of mixing that will be required. Figure 4-1 presents this option.

4.4.6 Option 3: Containerize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit

This option packages the higher activity material in B-25 boxes for shipment to ERDF. The
excavation approach will be the same as Option 2. Containing the high-activity waste in B-25
boxes eliminates the potential for airborne contamination; however, dose considerations will
need to be managed. The lower activity material will be mixed to achieve a volume that will
decrease the potential for airborne contamination and will be placed in existing ERDF containers
(RCI containers). The handling process will also reduce the gamma dose rates produced by the
waste. The approach to excavation and shielding will be the same as Option 1. Figure 4-2
presents this option.

4.4.7 Option 4: Containerize (Package) the High-Activity Material for Shipment to
isWaste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil

Concentration Limit

This option is the same as Option 3, except that the high-activity waste contained in the B-25
boxes will be shipped to Waste Management while the lower activity material will be shielded,
excavated, mixed, and shipped to ERDF. Figure 4-2 presents this option.

4.4.8 Option 5: Containerize (Package) All Material

This option will contain all waste in B-25 boxes (both high and low activity waste) for shipment
to ERDF. Figure 4-3 presents this option.

4.5 CONTAMINATED SOIL VOLUMES FOR REMEDIAL ACTION

Table 4-1 presents the results of the volume of contaminated soils from the 1301-N and 1325-N
Cribs and Trenches. These volumes were calculated based on the conceptual model descriptions
of the cribs and trenches presented in Section 2.0. Appendix B presents the calculation package
that was used to generate Table 4-1. Table 4-2 presents the volume of contaminated soils that
will be generated through mixing and containerizing waste for each remediation option. Each
option in this table also provides the mixing ratio used to generate volumes.
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Table 4-1. Volume of Waste for DisposaL

Volume in Cubic Yards

Waste Description
1301-N
Crib

1301-N
Trench

1325-N
Crib

1325-N
Trench Total

High-Activity Waste 1,343 1,672 2,222 1,253 6,490

Low-Activity Waste 5,370 15,683 8,889 9,511 39,453

Total 6,713 17,355 11,111 10,764 45,453

Table 4-2. Final Mixed Volume of Each Waste TYpe to Meet Operational Limits.
Volume in Cubic Yards

1301-N 1301-N 1325-N 1325-N
Option Description Waste Description Crib Trench Crib Trench Total

Option 1: High-Activity 252,662 314,688 418,200 235,182 1,221,362

Current ERDF Operational Waste (188.2:1)

Limit of 270 pCi/g Low-Activity Waste 46,568 135,990 77,078 82,471 342,107
(plutonium-239/240) (8.7:1)

Total 299,230 450,678 495,278 318,284 1,563,469

Option 2: High-Activity 34,109 42,483 56,457 31,835 164,884

Increased ERDF Operational Waste (25.4:1)

Limit of 2,000 pCi/g Low-Activity Waste 7,544 22,030 12,487 13,360 55,421
(plutonium-239/240) (1.2:1)

Total 41,653 64,513 68,944 45,195 220,305

Options 3 and 4: - High-Activity 1,343 1,672 2,222 1,253 6,490

Containerize High-Activity Waste

Material for Shipment Low-Activity Waste 7,544 22,030 12,487 13,360 55,421
(1.2:1)

Total 8,887 23,702 14,709 14,613 61,911

Option 5

Containerize High- and Total 45,943

Low-Activity Material

Note: The values listed in Table 4-2 are approximate, based on rounding off from spreadsheet values.
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5. 0 ENGINEERING STUDY COST ESTIMATE AND DOSE EVALUATION

5.1 DESCRIPTION OF OPTIONS FOR DOSE EVALUATION

The following descriptions for dose evaluation applied standard time, distance, and shielding
approaches for management of radiation dose to workers.

General assumptions and basic descriptions of activities listed in Appendix H of the CMS
(DOE-RL 1996b) are valid for the mixing options. These basic assumptions are as follows:

• The exposure estimate can be obtained using MICRO SHIELD Version 4.2.

• Correction factors for dose called "build-up factors" were not used in the above model.

• The highest soil concentrations are found in the 1301-N Crib and Trench.

• The lower contaminated soils can be placed in the same container as highly contaminated
soils to provide shielding.

• Previous sampling data provides adequate information to construct a conservative dose
model of the cribs.

`^ • No allowance was made for decay of radioactive materials during the remediation project.

Appendix C presents the dose calculation packages for the following options.

5.1.1 Option 1

Based on this option's failure to compare well to the criteria developed in Section 3.0, this option
was not carried through for dose and cost evaluation.

5.1.2 Option 2

5.1.2.1 Excavation. The excavation operator uses equipment with a long boom so that he is
rarely within 10 m(30.5 ft) of the excavation bucket or container.

The excavation operator is exposed to the unshielded soil for 3.25 hr/d at a distance of 10 m
(30.5 ft), regardless of the materials that are being handled. Shielding will be added to the cab to
ensure that the operator can spend standby time in an area that is less than 0.5 mrem/hr when not
actively excavating.

High-activity boulders will be removed and placed in B-25 boxes: A forklift operator will be
required to move the B-25 boxes. Based on the shielding and exposure assumptions, the average

dose rate for the forklift was calculated to be 3.5 mrem/hr. Half of the work day will be spent
handling empty containers and the other half handling full containers. The operator will be
exposed to full containers for 3 hr/d.
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The remaining soil will be placed in standard containers and mixed with less contaminated soil.
Approximately 0.7 m' (0.9 yd;) of highly contaminated soil will be placed in each container; the
container will then be moved to a stockpile of low, contaminated soil where it is filled.

The excavation container handler is exposed to 0.7 m' (0.9 yd') of highly contaminated soil

placed in the container for about 5 minutes between the excavation at the crib/trench and the

stockpile. This soil is at least 3 m (9.15 ft) away from the driver. After the soil is added to the
stockpile, the doses to the driver are near background levels.

The operator who fills the remainder of the container with less contaminated soil works in an
area that is near natural background. This operator is never within 10 m (30.5 ft) of the
unshielded soil. It takes 1 minute to place enough soil to lower the operator's exposure to near
background levels. The exposure time is for 40 minutes a day.

Soil below the highly contaminated layer will be mixed with low contaminated soil immediately

adjacent to them and shipped to ERDF in standard shipping containers. Soil exposure will be

low. It is assumed that mixing to reach target plutonium concentrations will cause a

corresponding decrease in the gamma-emitting isotope concentrations.

The exposure is at background levels while the container is empty. There are two drivers; each

driver is exposed to loads of contaminated soil for 3 hr/d.

5.1.2.2 Packaging. The B-25 boxes will be capped using a grout pump and boom so workers are
not exposed during the capping process. This process consolidates the void fill and capping
operation while minimizing worker exposures.

The B-25 boxes are then placed on a truck by the forklift operator, surveyed, and shipped directly

to ERDF. It is assumed that enough shielding will be in place such that the average dose rate is
3.5 mrem/hr for the driver. Doses for radiological control technicians (RCT) are accounted for as
dose received during coverage of excavation work. Long poles and extended probes will be used

in conjunction with shadow shielding to ensure RCTs are not exposed to more than 2 mrem/hr on
average.

For the containers with mixed soil, survey and tarping techniques are identical to those currently
used at other remediation sites. Exposure to RCTs who perform surveys, and laborers who seal
the plastic liner and place tarps on the container will also be similar.

5.1.2.3 Transportation. The B-25 boxes full ofboulders are shipped directly to ERDF on
shielded trucks. Exposure to the driver will be less than 3.5 mrem/hr. The driver will be
exposed to full containers for 3 hr/d. Four drivers will support this operation.

Soils from the mixing process will be placed such that exposures to drivers will be very near
exposures currently observed at other low-level sites. The unshielded doses to the drivers will
average less than 0.5 mrem/hr. Drivers will be exposed to full containers for 4 hr/d. Four drivers ^
will support this operation.
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5.1.2.4 Disposal. The B-25 boxes full of boulders will be off-loaded directly into the ERDF
waste with a crane. Rigging will be designed to minimize worker exposures during the off-load.
It is assumed that the workers will not be within 0.9 m (3 ft) of each box for more than 1 minute.
The crane operator is always at least 9 m (27.5 ft) from the boxes. It is possible to off-load 100
boxes a day.

The highly contaminated soil is mixed to provide less than 7% of the total soil in each container.
The less contaminated soil is mixed to comprise about 50% of each container. The containers
from the 1301-N and 1325-N Crib and Trench remediation comprise one-third of the containers
being handled at ERDF. Only a minor increase in exposures at ERDF will occur as a result of
this option. This increase can be mitigated with some of the same operational controls that will
be implemented to minimize the potential to generate airborne contamination. It is assumed that
worker exposures are about 0.5 mrem/hr for 500 hr/yr as a result of this operation.

5.1.3 Option 3

5.1.3.1 Excavation. The need for offsite soils in the mixing operation is not required, and
forklift operations are extended to include packaging the most highly contaminated layer of soil,
as well as the boulders in B-25 boxes. The extension eliminates the need for a second trackhoe
operator and consolidates both the site container and transportation drivers' roles for the most
highly contaminated soils. Shielding is placed for the trackhoe operator and the driver, as
discussed above.

The remaining soils are mixed with surrounding lower, contaminated soil and handled in
standard shipping containers same fashion as described in Option 2 for soils that are mixed. All
conditions are the same as those for the mixed soils in Option 2.

5.1.3.2 Packaging. The B-25 boxes are handled the same as in Option 2. The standard ERDF
containers are filled and handled the same as the containers filled with soils from below the most
highly contaminated layer in Option 2.

5.1.3.3 Transportation. Shielding is applied to all trucks that carry B-25 boxes. Approximately
50 boxes from 1301 N will also be placed at least 8 m (24.4 ft) from the driver's cab to ensure
that dose rates in the cab are managed.

5.1.3.4 Disposal. The B-25 boxes and standard containers are handled as described in Option 2.
Doses are higher because there is no shielding in the B-25 boxes. Overall exposure is lower
because the duration of the task is shorter.

5.1.4 Option 4

The factors used for Option 3 for dose evaluation are the same for this option.

5.1.5 Option 5

All waste will be placed in B-25 boxes and sent to ERDF.
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Dose rates calculated assume all boxes are filled at the average contamination level. Shielding ^
will be used to maintain doses to less than 3.3 mrent/hr for drivers and workers in close
proximity to the boxes.

The handling of B-25 boxes through all stages of the operation is the same as described in
Option 2. Figure 5-1 represents results of dose evaluation for each remediation option.

5.2 DESCRIPTION OF OPTIONS FOR COST ESTIMATING

The cost estimate for each option presented in this section is based on limited available analytical
data. It is expected that the cost associated with each remediation•option could decrease if data
from a limited sampling effort is obtained.

5.2.1 Cost Estimate Basis

The cost estimates presented reflect experience gained from ongoing remedial actions in the 100
and 300 Areas. In addition, where cost data were not available, best commercial practice was
applied to further develop the cost estimate for each option. The cost for concrete and boulder
removal will be the same for all options.

Table 5-1 summarizes each option for excavation, packaging, transportation, and disposal that

was the basis for the cost estimate for each option. In addition, Appendix D presents the details

included in each cost estimate for the remediation options. Costs not included for remedial
action are pipeline removal and revegetation. Figure 5-2 presents the results of the cost estimate

for each option.
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Figure 5-1. Results of Dose Evaluation for Each Remediation Option.
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Figure 5-2. Results of Cost Estimate for Each Remediation Option.
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Table 5-1. Remediation Option Summary.

Excavation Packaging Transportation Disposal

Option 1 - Blend to meet ERDF • RCI containers • RCI trucks • Existing ERDF
limits (high-activity operations
zone 190.0:1.0/
low-activity zone
5.0:1.0)

Option 2 Blend to meet ERDF • RCI containers • RCI trucks • Modified ERDF
modified limits operations
(high-activity zone (modified free
21.0:1.0/ low-activity dump operation)
zone 1.2:1.0)

Option 3 Excavate and package • B-25 boxes for high • Flatbed for high • Modified ERDF
high-activity zone activity activity in B-25 operations (special

• Blend low-activity • RCI containers for boxes handling for 8-25

zone 1.2:1.0 low activity • RCI trucks for low containers, use

activity modified free dump
operation for low
activity)

Option 4 - Excavate and package • B-25 containers for • Flatbed for high • B-25 containers to
high-activity zone high activity (RUST activity in B-25 waste management

• Blend low-activity criteria) boxes • Use modified
zone 1.2:1.0 • RCI containers for • RCI trucks for low ERDF operation for

low activity activity low activity

Option S - Excavate and package • B-25 containers for • Flatbed for all • Send to ERDF for
high- and low-activity all material materials disposal
zone
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6. 0 DESIGN/REMEDIAL ACTION ISSUES

The following issues surfaced while developing this study, and although assumptions were made
to continue with the study objectives, these issues were identified and require further
investigation during the design phase.

Transuranic Waste. The LFI results identified three areas in the 1301-N Trench and the
1325-N Crib as °hot spots" that have high levels of plutonium. Additional data are
needed to address these hot spots to determine the presence of transuranic waste.

Contaminated Materials. Confirmation of contamination types, extent, total volume of
contaminated steel piping, and other structural.materials associated with the cribs and
trenches must be addressed during remedial design. Data were not available for any
concrete or piping. However, based on available data within the crib/trench, assumptions
were made for the level and extent of contamination for the concrete material for all of
the 1301-N Crib, 1301-N Trench, 1325-N Crib, and one leg of the 1325-N Trench. The
last three legs of the 1325-N Trench are believed to be clean based on operational data.
Additional data on the concrete materials may provide a more accurate assessment of
what will need to be sent to ERDF and what volume can be free released for other uses.

• Contamination Levels. It is likely that additional sampling could provide the basis for a
^ decrease in the estimated contaminated soil volumes and, thereby, decrease the cost

estimate for remediation. Because limited soil characterization data were available, it
was necessary to (1) apply borehole data from one crib to represent the waste in the
associated trench and the adjacent crib/trench; (2) use operation data from the 1301-N
Trench to represent the adjacent trench for which there were no data; and (3) use the
operations data, which is of questionable quality since it lacks QA/QC documentation.
These actions resulted in what is believed to be a conservative model of the nature and
extent of the contamination. Therefore, it is recommended that additional sampling be
performed before the design phase to better define the nature and extent of the waste.
This new data will help the project better define the design approach, and also has the
potential to significantly reduce cost estimates.

Container Requirements. Safety analysis work will need to be performed to support the
use of existing ERDF containers and for the use of B-25 boxes. An evaluation may need
to be performed during the design to determine optimum use of existing containers or
other containers that can support the remediation.

Dust Control. Dust control measures and monitoring impacts to meet the 2,000 pCi/g
(plutonium-239/240) soil concentration limit will need to be fully developed and
specifically identified in the design and presented in the subcontract.

• Subcontract Requirements for Radiological Controls. Address how specific
^ radiological requirements will be addressed in the subcontract (i.e., three shifts to support

high-activity material during remediation).
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ERDF Operations. ERDF operational requirements to coordinate and schedule the
processing of the containers of highly contaminated material from the cribs and trenches
should be addressed during the planning and design phase for this remediation.
Additional controls for the increased radiological limits must also be fully developed and
specified.
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7. 0 ENGINEERING STUDY CONCLUSIONS

The following conclusions were derived based on the results of this engineering study:

Preferred Option. Option 3 is the preferred remediation option for the 1301-N and

1325-N Cribs and Trenches. Option 3 is selected based on cost and total dose to workers.

This option is comprised of packaging the high-activity material in B-25 boxes for

shipment to ERDF for disposal. The lower activity material will be shielded with

overburden and other contaminated soils encountered during excavation operations. Soil

used for shielding will be blended with the lower activity soil to meet a 1.2:1.0 ratio to

meet the ERDF soil concentration limit of 2,000 pCi/g (plutonium-239/240).

Implementability. Based on the available data from the LFI, draft CMS, cost estimate,

and dose evaluation, this study concluded that the selected option is implementable.

Impacts to ERDF. Existing ERDF operations data confirmed that it would be possible

to operate ERDF with a requirement to maintain dust loads of less than 50 gg/cmZ. This

requirement would permit the use of a limit of 2,000 pCi/g, as used in the study.

• Higher Cost for Remediation. Higher remediation costs were calculated than presented

in the draft CMS. These higher costs were based on increased focus on ERDF

requirements. Based on these requirements and increased volumes for mixing, the use of

containers (B-25 boxes) was identified, which increased the estimated cost by

approximately $15 million.

Impacts of Delaying Remediation to Allow for Additional Radioactive Decay. The

majority of worker exposure will result from gamma radiation emitted by cobalt-60 and

cesium-137. By the year 2001, cesium-137 will be the dominant gamma emitter.

Because cesium-137 has a half.-life of about 30 years, delaying the work near term will

only have a minimal impact on exposure rates. The exposure rates relate directly to the

amount of overburden used as shielding, which affects waste volumes and costs.

Therefore, the study did not identify significant cost benefits to any option that would

result from permitting additional radioactive decay of the waste to occur near term.
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980

to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 1 of 2)

Ication:

Uoes.

CeIMSonDnc

C^dpha

75-01 iS-02 7503 7SOC IS-05 75-06 75-07 iS-08 1509

Da8 OCdB P^+1 G^^

1980

NA NA NA NA NA NA NA NA NA

(^bm

IK

NA

0.0831

NA

0.0310

NA

0.00.73

NA

0.0060

NA

0.0039

NA

0.0065

NA

00031

NA

ND

NA

0.0025

Gsuo-133

C^137

NA

266,669

NA

129,631

NA

71,075

NA

135.101

36

160,196

NA

129,631

NA

165,150

NA

388,891

NA

216,053

CoWI-58

.60

0

821.151

NA

555994

NA

530,721

NA

322,224

NA

195,861

NA

353,211

NA

107,408

NA

480,176

NA

272.679

153 NA NA NA NA NA NA NA NA NA

4o-59

5a

NA

a180

0

0.115

NA

0.057

NA

0.041

NA

0.025

NA

0.045

NA

0.014

NA

0.038

NA

0.029

0 0 0 0 0 0- 0 ND 0

PW^238 NA NA NA NA NA NA NA NA NA

ppmoium2391240 NA NA NA TIA NA NA NA NA NA

Rmhmi.103 NA 0 NA NA NA NA NA NA NA

Airtbmilm-106 NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

'ivn.95 0 0 NA NA NA NA NA NA NA

CoilezonIbOC 1961

faOssalPha ' NA NA NA NA NA NA NA NA NA

(^yM NA NA NA NA NA NA NA NA NA

Gmm-1« 0 0 NR 0 0 0 0 0 0

(,mmn-133

Caim-137

NA

120,016

NA

120,016

NA

334,782

NA

213,449

NA

309,516

NA

360,049

NA

334,782

NA

211g32

NA

692,698

CpWI-58
^py^11.60

NA

475,727

NA

45/.103

NA

1}69,5/7

NA

432,479

NA

317,151

NA

1,225057

NA

651,510

NA

]89,]31

NA

598,263

Fampiwn-i5a NA NA NA NA NA NA NA NA NA

4ao-59

Mm^cea50

NA

0.1198

NA

0.1016

NA

0.1561

NA

0.0903

NA

0.0559

NA

0.1198

NA

0.0610

NA

0.0691

NA

0A913

cbi,m-95

p^NOOiimr-]38

0

4,697

0

1,]81

NA

5,295

NA

I43S4'/

NA

666

NA

4.1"

NA

S.VO

NA

1,025

NA

3,^16

PlWOtiwm23911<0 25,915 9,181 24,907 11y75 5,m 2^,91] 29937 6.5f6 19y58

Rvtl^miiw-103 NA NA NA NA NA NA NA NA NA

RmAmnvn-lpb

SewNUm90 105,062

NA

{'15,D68

NA

67y81

NA

22368

NA

l2y'!d

NA

59,7t9

NA

67MI

NA

15,450

NA

27210

'um95 NA NA NA NA NA NA NA NA NA

Collettwo Daa: 1982

(npaalpps NA NA NA NA NA NA NA NA NA

(n0^p^y NA NA NA NA NA NA NA NA NA

Csriim-14C NA 0.090 NA NA NA NA NA NA 0.058^

(esom-1;6 NA NA NA NA NA NA NA NA NA

Caivo-13] 607,552 316,700 607,952 32-556 349,019 313./66 616.332 297,313 361566

CuWt-58

CeWt.bp

NA

1,7S6,2aE

NA

2319,462

NA

2.191,8'18

NA NA

526,095 542,535

NA NA

1,2.11,035 1,150,832

NA NA

369910 39,470

Puopium-154 NA NA NA NA NA NA NA NA NA

Loo-59

},t^gaies-5a

NA

0.1470

NA

03935

NA

0.1781

NA NA

0.0951 0.0953

NA NA

0.0975 0.1015

NA NA

0.0559 ND

abiwn•95

PiWmium-238

NA

/,734

NA

12,050

NA

26,%1

NA NA

1t8971 1a7,28t

NA NA

A005 3,Yl1

NA NA

8,177 9Q7

'
PlWnai^vo-7391140 27,944 6;E76 169,660 2,79/19^ 658.6]9 LiB12 16.966 1^15y68 12,9

AWimimn-103 NA .NA NA NA NA NA NA NA NA

!ZW)^^-106 NA NA NA NA NA NA NA NA NA

50aoeum.90 69,6M 158,263 202576 9,,958 69,6i6 165,602 52,513 MT11 9l.958

NA NA NA NA NA NA NA NA NA
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980

to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 2 of 2)

i.wton:

Uim:

TS01

pG/

T502

UB

75-03 T$-0a

DCJ
T505
PCi/e

TS-06

PCJ4 771
7S-OS

VCi/
TS-09
9Ci/

Collealen Dm: 1983

Cvessilpha NA NA NA NA NA NA NA NA NA

Umssbw NA NA NA NA NA NA NA NA NA

Ceiivn-14C NA NA NA 0.0415 NA NA NA NA NA

CanmF13< ND ND ND ND 67 ND 38 67 NA

Caum-137 5aJ391,U7 363,737 381,57'/ 251}09 d76,16t 628372 49,071 261.96 257,922

Cebth-56 NA NA NA NA NA NA NA NA NA

Cebahb0 2,062,419 1,499,941 2}13,65b 749,971 487,481 1A99,961 562,67E 374,9d5 37^,98

Pavopimn-154 31,198 ND ND 13,031 19}K4 t1,190 ND ND ND

6am59 NA NA NA NA NA NA NA NA NA

M. 54 0.231 0.191 0238 0.437 0.060 0.10 0.065 0019 0.102

iobiwr95 NA NA NA 0 NA NA NA NA NA

P6emniwr238 2,0dt 2,60i 1562 1}01 686 1,735 956 720 798

PlNOniuo-2392<0 11,9T/ 12,9'/5 9y81 7,y6 2,99a 9,78I 6,18d 1,591 1,292

RuNeuum-I03 NA NA NA NA NA .NA NA NA NA

F.WLmiim-106 NA NA NA NA NA NA NA NA NA

Sewmimm9J 29,Si9 29,E19 18p05 16,86U 29,329 17,508 i,A0 S,N2

95 NA NA NA NA NA NA NA NA NA

Colln4m Due: 1984

Gto3 alp6a NA NA NA NA NA NA NA NA NA

GmaEea NA NA NA NA NA NA NA NA NA

Ceitom144 NA NA NA NA NA NA 0 NA NA

Cetiuo-l3C NA NA NA NA NA NA NA NA NA

Ces'wm137 2,097,755 649,627 551,890 507,521 879,704 507,521 661,161 497937 E79,704

•58 NA NA NA NA NA NA NA NA NA

CebflE0 5,666}70 21352,053 3,621,168 1,710,581 887_6.5 2,458,965 1,710.584 1,710,584 1,60,623

Euopimm156 NA NA NA NA 39.T3U NA NA NA NA

Imn59 ' NA NA NA NA NA NA NA NA NA

54 0.826 U 0.491 0544 1.359 0.199 L 0366 3.345 0.784 1.150

Nrobimo-95 NA NA NA NA NA NA NA NA NA

PMatian•238 NA NA NA NA NA NA NA NA NA

Phmoium•2391140 NA NA NA NA NA NA NA NA NA

'uv-103 NA NA NA NA NA NA NA NA NA

RWhmimm106 NA NA NA NA NA NA NA NA NA

'um-90 NA NA NA NA NA NA NA NA NA

'-95 NA NA NA NA NA NA NA NA NA

Colltttion IYUe: 1985

Gmaalplu 35.000 28p00 53,000 38.000 34,000 12,000 19,N0 18,001), 28.000

Gmsbtta 1800.000 19.000.000 13,000.000 6,300,000 5-000,000 10.000.000 6.000.000 2,800,000 2a00,000

144 0.0565 U 0.0335 0.0546 U 0.0552 U 0.0448 U 0.0513 U 0.0775 0.00/1 U 0.0109 U

Caiun-134 NA NA NA NA NA NA NA NA NA

Cesivm-137 20,081 18,004 25,621 19.389 36,065 47,087 38,777 15y1 17.311

CeEalt-58 NA NA NA NA NA NA NA NA NA

CoDah60 158,560 134,166 195,153 136343 115,811 134,166 158b60 31,712 73,060

fiwpium154 NA NA NA NA NA NA NA NA NA

1,ar59 NA NA NA NA NA NA NA NA NA

Mutgmao-56 0.1277 0.0400 0.0541 U 0.2351 0.1318 0.0424 U 03530 0.0659 0.0961

iobi^m-95 NA NA NA NA NA NA NA NA NA

Pluwiimm238 4,054 2,956 4,195 3$5 3,Ct7 3,702 2,027 1^86 2.997

P7mmnmr239qA0 25,956 15,973 26,951 12,961 20y65 23,960 13.976 10051 19,966

Wffimfmn-103 NA NA NA NA NA NA NA NA NA

RuOimimn•106 NA NA NA NA NA NA NA NA NA

Srtenrium-90 61,t82 =95 142,195 76,850 129386 81,656 i1,654 47,632 7,,850

'um-95 NA NA NA NA NA NA NA NA NA

U-Coommuian.m emdexud as ryeeified drumoo kvA.

NA- Nasulynd
ND-Na Marod; vo detstian limdgirm

NR- NOtrepaud

Tevrli sdimrnesaoplacollemibyatrachingajartoapoleand

ts4ehis devioeas ascoop. Thc top sot mNa ofvm.8 ssdimma

wee swyled tlawgA vadag was.

Rderaac:

UNFI581 - Radiebgid $wvdWice Aeya[ for0¢ 100•N Aro-FY 1980

UNI•1849-UNC Swir.rnd SurniOaae Repwtfor 100 Area-FY 1981

UNI•2716 w UNC Em'vmvnaval Swdlaoae Repat far 100 AtasFY 1982

UNI-2640 m UNC Enwomnmral5vwlimmRepartfor 100 Arta•PY 1983

UNI-3069-UNC Fa.@amaaml5mva7{nm Aapurt for 100 Arm-}Y 1984

UNI•3760-UNCFmuommrol cmeg--- RePatfori00Arts8Y19E5
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LocaOon:

Unils:

CS-01

Ci/

CS-02

pCiN

CS-03

p Ci/ I

CS-04 CS-05 CS-06

Ci/

CS-07

Ci/

CS-08

Ci/

CS-09

CU

CS-10

Ci/

CS-II

Ci/

CS•12

Ci/

Collecllon Dale: 1985

Gross al pha 18,000 7,000 6,000 4,700 NR 44,000 26,000 18,000 12,000 9,700 6 , 100

Gross beta 2,300,000 3,100,000 830,000 400,000 NR 15,000,060 2,400,000 2,200,000 1,100,000 1,500,000 620,000

Cerium-144 0.078 0 0 0 NR 0 U 0 0 0 0 0

Cesium•137 28,391 4,815 N4.81 5 3,440 1,278 NR 1,081 2,850 491 5,503 4,717 6,977

Cobalt-60 158,560 1.13 1.02 0.31 NR 2.73 2.90 0.24 0.89 1.36 0.99

Man anese-54 0.64 0 0 0 NR 0 0 0 0 0 0

Phuoniutn-238 1,763 333 297 207 NR 2,253 3,875 811 158 496 239

Phuonimn•239/240 11,980 41947 12,862 4,254 2,770 NR 29,682 55,407 11,873 2,276 6,827 33,640

Stronlium•90 59,880 2,288 7,832 2,376 1,320 NR 17,601 8,800 1,496 1,144 1,036 510

Collection Date: 1986

Crossal ha NR NR NA NA NA NR NR NA NA NR NR NR

Gross bela NR NR NA NA NA NR NR NA NA NR NR NR

Cesium•144 1.218 0.000 0.000 0.000 0.000 NR NR 0 0 NR NR NR

Cesium-137 127,535 6,093 8,648 8,353 9,041 NR NR 6,486 7,862 NR NR NR

Cobalt-60 1,265,793 0.887 3.923 4.264 1.057 NR NR 2.899 4.775 NR NR NR

Manganese-54 8.46 0 0 0 0 NR NR 0 0 NR NR NR

Plutonlum-238 NA NA NA NA NA NR NR NA NA NR NR NR

Plutoninm•239/240 NA NA NA NA NA NR NR NA NA NR NR NR

Slronllmn-90 6,343 343 440 440 299 NR NR NR 810 NR NR NR

Collection Date: 1987

Grossaliia NA NA NA NA NA NR NA NA NA NA NA NA

Gross beta NA NA NA NA NA NR NA NA NA NA NA NA

CeAnm•144 0.231 U 0.000 U 0.000 U 0.000 U 0.000 U NR 0.000 U 0.000 U 0.000 U 0.000 U 0.000 U 0.000 U

Cesium•137 23,199 1,671 U 1,769 2,850 2,948 NR 4,717 1,474 1,671 2,064 1,278 1,278

Cobalt-60 130,078 2.388 1.074 1.074 1.160 NR 2.217 1.876 1.398 0.239 1.433 2.047

Man ganese-54 1.544 0 0 0 .0 NR 0 0 0 0 0 0

Plutonium•238 985 3,019 113 631 586 NR 7,660 9,462 586 1,036 1,397 2,704

Plntonium-239/240 5,192 48,481 1,587 9,795 9,110 NR 96,961 118,728 8,212 1,385 19,788 38,587

Slronllum•90 9,996 3,520 519 318 880
Ni

35,143 23,761 880 1,232 2,J52 3,080

U - Covicenlrationwasundeteetedatspecifieddeteclionlevel References: l1NI•3760=UNCEnvironmentalSurveillanceReportforthe 100 Areas - FY 1985

NR - Nulreported UNI•4065=UNCEnvironmentalSurvcillanceReponforlbel00Areas•PY1986

NA - Not analyzed WHC-EP-0161 - Weslingiimise flauford Co. Enviromnemal Surveillance Annual Report•100 Areas-FY 1987

Semples of surface sediment were collected from Ihe bottom of Il,e 1325-N Crib. Approximately 10 grams of sediment per sample were

collected Ihrough the sample port located in the cover of the facility. The samples were collected during operalions Ihrough standing water.
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^P

ReferenceDocnmenl.: 222.9 222-9 222-3 222-3 222-9 222-S 222-3 222•9 222-9 222-S Qumqerte

Locefion: 199-N•107A 199-N-107A 199-N•107A 199-1,1-107A 199•N-107A 199-N-107A 199-N•107A 199-N-107A 199-N-107A 199-N-107A 199-N-107A

Sanple ID: H0GGC3' ROGLF4 RDGI.PS H0GLF7 ROGI.F6 H0GLF8(Dnp) HOGLF9 HDGLGO H0GIA1 U0111V6 HOGi-88

Melhod

9emple CoBccted: 8/25/95 11/29/95 11/30195 12/3/95 126/95 17/5/95 12/6/95 1216195 12B/95 12/8/95 11/29196

Depth(feelbelowgronudmrRceA N/A 9-Il 11-13 23 28-30 28-30 40 50 . 51-59 69 9.0-11.0

UNb: 3 CU CJ CU CVg Gl/ CV 6ti/ Cd pcyg CU

Grola el he 13,900 911 38,200 2.52 U 2.18 U 3.39 U 1.44 U 0.969 U 1.96 U 2-77 1,980

Groubele 305,000 63,700 60,600 4,340 2110 1190 1,680 145 124 123 128 ,000

Actiwu,n-228 MR NR MR NR NR MR MR Na MR MR MR

Ameririum241 17,152 819 1,121 NR NR NR MR MR MR NR 1,101

AnUmon •125 MR MR MR MR MR MR MR MR MR MR MR

ButnnUn2ld MR MR MR NR MR MR MR MR MR MR Na

^,Npw.(Oq MR MR MR NR NR MR MR MR MR MR NR

Cypon (q MR MR MR NR NR MR MR MR MR MR

Cerlnin-114 MR 4.89 U 4.31 U 0.122 U 00708 U 0.0274 U 0.0128 U 0.0268 U 0.0269 U •1.40 U

CafOnn 134 NR 77.7 V 15.9 U 0.175 0.0513 U 0,0410 U 0.0177 U 0.0138 U 0.0263 U 0.019d U 5.63 U

Ceehun 137 90,191 10,]6/ 13,434 2,183 5.17 5.06 0.127 U MR 0.365 U 0.375 U 11,056

CFroqniwn5l MR MR MR NR NR NR MR MR MR MR

Cobe1160 27,810 51,]72 67,591 12.3 1.99 2.69 0.616 0.403 0.591 0.364 71,137

Cobalt-38 NR NR MR NR NR NR MR NR NR NR - 1.48H•06 U

Hnropinm 152 MR MR MR NR NR NR NR MR MR MR 2.20 U

Hnr inm 131 7,710 690 918 0.656 U 0.3]3 U 0.380 U 0.192 U 0.19] U 0.352 U 0.329 U 663

Hwapnm-155 1,950 171 149 1.73 U 0.989 U 0.910 U 0.352 U 0.163 U 0.346 U 0.343 U 102

MR MR NR Nft NR Nft MR MR MR MR OU
Iron39

L<ed-214 NR MR MR NR NR MR MR NR MR MR

16 V2 06 U2 00931 U0 00d]4 U0 0.00423 U 0.00159 U 0.00172 U 0.00397 U 0.302 U 0.918 U
M anam•34 NR . . . .

R 7
Plut Onm-238 MR MR MR NR NR MR R MR M MR 21

a
2 93 MR 689 MR MR MR MR MR MR MR 1,589

Plelonimn239f240 1 ,6
2 05 16 9 17 0 879

PoWennn 40 MR 422 U 457 U 0.110 1.02 U 11.6 . . .

Red'nnn 226 MR 1,407 U 1,257 U 44.4 U 6.76 U 9.26 U 3.35 U 2.07 U 4.93 U 4.52 U

Rad'nim•221DA MR MR MR MR NR NR MR MR MR MR

Redinm-226DA NR MR MR NR MR MR MR MR MR MR 104 U

Itedia,n.218 MR Nft MR NR MR MR MR MR MR MR

Redimn-228DA NR MR MR MR MR MR MR MR MR MR

ftOWaunm 106 NR U U U U U U U U U U

RuUwidwn-103 MR MR MR MR MR MR MR NR MR MR

9tron8mn90 81,1/0 2,875 11,148 1,035 1,372 1,195 956 166 55.9 18.3 8,157

'
TeeMetia,n99 NR MR MR MR MR NR MR NR MR MR

TL mn 228 MR 823 U 726 V 23.9 8.51 U 7.91 3.13 U 1.39 U 3.24 U 2.87 U 5.54 U

Tlwriwn232 MR NR MR MR MR MR MR MR MR MR 62.2 U

75n-125 MR NR MR MR MR MR MR MR NR MR

7Yitium MR MR MR MR MR MR MR MR MR NR

Umninm233/230 MR MR NR NR MR MR MR MR NR MR

UraNmn235 MR MR MR MR NR MR MR MR MR MR 0.677 U

UmUmn238 MR MR NR NR MR MR MR MR NR NR -0.226 U

UnrdNn•234 MR NR NR NR NR NR MR , NR NR NR 10.5 U

7nw65 MR MR NR NR NR NR MR MR NR NR

' Sample scraped from a large boulder.
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Referem:eDocmnenl.:

Leca6on:

Sainple ID:

MeUhod:

Sample Collected:

DepUl(feetbelowgramdvuface):

Uub:

Qoenlem

199-N-107A

R0GL89

11/30/95

I7.0-13.0

CJ

Qnanlerre

199-N-107A

R0G1,91

12/5/95

28-30

CJ

Qnmdem

199-N-107A

ROGL92(Onp)

12/5/95

28.30

pcvg

Qnentem

199-N-101A

0001,95

1218195

57-59

Ci/

Qnentem

199-N-107A

0UGL94(EO)

12/8/95

N/A

CJ

222-S

199-N-IO8A

R00LD2

1119/95

14.5-16.5

CC

222-S

199-N-108A

13OGI.D5

11/9/93

IB

CC

222-8

199-N-108A

130GIA3

11/10/95

23-25

CJ

222-5

199-N-IOBA

R0CLU4(Dup)

11/10/95

23-25

Cd

222-5

199-N-108A

R001.D6

11/ l0/93

28

CV

-- 222-3

199-N-108A

D00LD7

11/ 10193

32.5

U

Orwr el lie

Gibvbele
AcN6iOnQ28

2,530

151,000

MR

7.13

4.480

MR

6.43 U

5,120
NR

6.61

293

MR

3.62 U

2.88

MR

1.1

2,280

MR

51.1

17,600

MR

1.33 U

2,690

MR

1.45 U

2,770

MR

1.31 U

135

MR

1.38 U

228

MR

AmcricOnn241 1,011 MR MR MRMR MR MR MR MR MR MR MR

AnBmal • 125 MR MR MR NR MR MR MR MR MR MR MR

RumnW-211 MR MR MR MR MR MR NR MR MR MR MR

C1dMnin-109 MR MR MR MR MR MR MR MR MR MR NR

Cw6on 11 MR MR MR MR MR MR MR MR MR MR MR

Cemnn.l44

Cwimn 171

0.677 U

0.877 U

•0.0062 U

- 0.0018 U

0.0011 U

-0.0084 U

-0.0004 U

•0.003j U

•O.OOII U

-0.0017 U

0.682 V

0.983 U

1.09 U

3.01

0.225 U

0.267 U
0. 159 V

0.235 U
0.123 U
0.171 U

0.0706 U

0.111 U

Cminm 137 fl,itf 2.19 5.75 0.0128 U 0.0103 U t,81] 13,949 96.0 - 75.4 21.1 1.19 U

MR MR MR NR MR MR MR MR MR MR MR

CoEa1t60 61,449 2.54 2.86 0.66 - 0.00218 U 265 1,677 5.29 7.22 1.79 0.508 U

Cobdt•S8

Enropinrn 152

•1.24E-06 U

55.3 U

5.008-t0 U

0.0723 U

-1.0R•10 U

.0.160 U

1.56E•10

0.0263 U

-7.4398-10 U

0.0350 U

MR

MR

MR

MR

MR

MR

MR

MR

MR

NR

MR

MR

&rropOnn 154

Ruropium-155

541

69.2

0.104 U

0.0103 U

0.0986 U

0.0654 U

0.00892 U

0.00655 U

. 0.00114 U

0.0177 U

6.03 U

7.84 U

12.2 U

11.7 U

2.66 U

2.97 U

2.43 U

2.05 U

1.47 U

1.55 U

1.07 U

0.809 U

Iran 59 0 U 0.00 U 0.00 V 0.00 U 0.00000 U MR MR MR MR MR MR

Lad-214

Men twe•54

Plulonimn-238

Pluloidnm239/240

MR

0.313 U

447

l,IJB

MR

0.00161 U

-0.00121 U

0.02299 U

MR

0.000770 U

0.00791 U

0.0708

MR

0.000589 U

0.00326 U

-0.00156 U

MR

-0.0001913 U

•0.0007898 U

0.00472 U

MR

0.0781 U

MR

MR

MR

0.147 U

10.8

73.7

MR

0.0209 U

MR

MR

MR

0.0152 U

MR

NR

MR

. 0.0146 U

MR

MR

MR

0.00916 U

MR

MR

Polweimn40 55.1 9.3] 9.93 15.7 0.188 43.3 U 43.3 U 46.4 U 13.0 U 35.4 U 15.7 U

Redium 226 NR MR MR MR MR 121 U 200 U 36.0 U 27.0 U 20.8 U 11.7 U

RvdimnQ24DA MR NR 2E-151 U 3E-15J 5.29E-151 MR MR MR MR MR - MR

Redinm426DA 24.9 U 0.345 J 0.368 J 0.361 J 0.189 J MR NR MR MR NR MR

Redium-228 MR MR MR MR MR NR MR MR MR MR MR

Redlu1nd280A MR MR MR MR MR MR NR NR MR MR

Rutheninm106 U U U 0 0 0 0 0 U U U

RaUnnium-103 '

Slron5nm90

MR
17,429

MR

1,351

NR

1,159

NR

44.3

MR

0.0682 U
MR

123

MR

694

MR
1,246

MR
1,219

MR
172

MR
805 ,

TecMeEUm99 NR NR MR MR MR MR MR MR MR MR MR

Tho61nn228 22.5 U 0.0738 0.0631 0.0728 0.0282 65.3 U 99.6 U 25.3 U • 17.6 U 12.4 U 7.92 U

TIIolnnn232 . 156 U 1.08 0.388 U 0.624 MR MR MR MR MR MR MR

71n-125 MR MR MR MR MR MR MR MR MR MR MR

TAEmn MR NR MR MR MR MR MR NR NR MR MR

UraNnIn273f174 MR NR MR MR MR MR MR NR MR MR MR

UroNum275 - 0.672 U 0.0227 U 0.00386 U 0.0193 U - 0.00388 U NR NR NR MR NR NR

Unumnn238 9.99 U 0.363 0,111 0.364 0.0127 U MR
MR

NR MR NR MR

Uruunm434 5.12 U 0.414 0.479 0.302 0.0317 MR MR MR NR NR NR

71ie65 MR NR Nft MR MR MR MR MR NR MR MR
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ReferenceDacnment.:

Locatlon:

Smnple ID:

Mcllmd:

Sample CoBecled:

DepUt(feetbelmvgromWenefece):

WB:

222-3

199-14-108A

80GI.DR

11115195

42-44

pcvg

222-5

199-N-108A

B0GLD9

11/15/95

47

CJ

222-S

199-N-I08A

BOGLF0

11/1S/95

52

,CU

222-9

199-N-108A

BOGI.P1

11/15/95

59.5

CB

222-3

199.N-108A

BOGLR

11/16/95

62-63.5

CU

222-3

199-14-tOeA

n0Glk7

11/16/95

69

tCU

Qmm'tene

199-N-108A

11001.11

11/9/95

14.5-16.5

CJ

Qnantena

199-N-IORA

BOGL73

11110195

23-25

Quauterta

199-N.106A

BOGL75 ( Dnp)

11/1005

23-25

CJ

Qnanlenn

199-N-108A

B0G1.81

I I/IS/95

42-44

CU

Qumne'n

199-N-108A

B0GL86

I I/16/95

62-63.5

CJ

Groaa al ba 1.02 U 1.86 U 2.46 U 1.53 U 1.65 1.41 U 30.1 7.69 7.60 9.33 2.9 U

Grevbete 10.9 34.8 2D.0 537 271 74 5,750 3,79D 2,740 132 328

AcBnimn.228 NR NR HR NR NR NR NR NR NR NR NR

Ameticimn241 NR NR NR NR NR NR 6.50 NR NR NR NR

Mtimon - 125 NR NR NR NR NR NR NR NR NR NR NR

BirmnOt414 NR NR NR NR NR NR NR NR NR NR NR

Cadmimn.109 NR NR NR NR NR NR HR NR NR NR NR

Cnbon 14

Cerinln-144

NR

0.0770 U

NR

0.0961 U

NR

0.105 U

NR

0.115 U

NR

0.0881 U

NR

.0.0004 U

NR

- 0.0065 U

NR

0.0017 U

NR

0.0027 U
U

NR

-0.0006 U
0

NR

.0.0009 U
6

Ceabun 134 60958 U 0.144 U 0.123 U 0. 153 U 0.148 U 0.0828 U 0.939 - 0.0103 U - 0.0045 0.0 42 U •0.00 6 U

Cmimn 137 1.54 U 2.02 U 1.511 U 2.24 U 1.83 U 1.65 U 6,015 39.4 59.5 0.00626 U -0.0182 U

CNarvmnSl

CoMlt 60

Cabalt-5B

NR

0.424 U

NR

HR
0.497 U

NR

NR

0.698 U

NR

NR

0.901 U

NR

NR

0.501 U

NR

NR

0.308 U

NR

NR

610

0.00 U

NR

3.61

- 3E-i1 U

NR

4.68

-1E-10 U

NR
0.279

SB-10 U

NR

0.273

2E-10 U

Eufopinln 152

Enra ium 154

Enropium-155

HR

1.50 U

0.967 U

NR

2.08 U

1.04 U

NR

2.51 U

1.309 U

NR

2.50 U

1.28 U

NR

1.28 U

1.08 U

NR

1.61 U

0.879 U

0.641 U

5.45

1.15

0.00721 U

0.119 U

0.00634 U

4 1 U

0.0486 U

0.155

0.0546 U

016 14

.0.0525 U

0.0654 U

-0.00394 U

41E 14 U

-0.00641 U

-0.0150 U

0.0532 U

1 0 8E 14 U
Irqt 59 NR NR NR NR NR NR 6&14 U - 3. 42P. 4 2. 9- U - 6. - . 5 -

Lead-214

Mut ^ew-54

PNtonimn-236

PlutonOYn 239/240

NR

0.00923 U

NR

NR

NR

0.0152 U

NR

NR

NR

0.0153 U

NR

NR

NR

Q0137 U

NR

NR

NR

0.0113 U

NR

NR

NR

0.0120 U

NR

NR

NR

0.014

1.12 U

12.6

NR

0.000816 U
0.10082 U

0.0210886 U

HR

0.000764 U
0.0828 U

0.3008367 U

NR

-0.000281 U

-0.00361 U

-0.003758 U

NR

-0.000127 U

U

-0.0041578 U

PolaaAmn40 21.1 U 35.2 U 12.6 U 25.1 U 16.6 U 30.0 U 15.7 J 18.1 J 15.8 J 10.9 J 18,6

Redimn226 12.9 U 16.2 U 21.8 U 20.3 U 14.1 U 14.1 U 1.54 U 0.598 J 0.806 J 0.499 J 0.523 J

RediamQ24DA HR NR NR NR NR NR NR 2R.155 3E-155 4E-155 4E-155

Redimn.226DA Na NR NR NR NR NR NR NR NR NR NR

Redimn-228 NR NR NR NR NR NR NR NR NR NR NR

Red'wm428DA NR NR NR NR HR NR NR NR NR

RuWaunm 106 U U U U U U U U U U U

Rutheuinm-103

9tronlnnn90

TechneEnm99

Tbodmn228

Tbqium23y

NR

21.7

NR

7.53 U

NR

NR

3.83

NR

9.77 U

NR

NR
1.22

NR
11.6 U

NR

NR

211

NR

11.5 U

NR

NR

21.8

NR

9.51 U

NR

NR
114

NR
1.76 U

NR

NR

679

HR
0.114 U.

-1.13 U

NR

1,264

NR
0.135

NR

NR
1,537

NR
0.165

1.12

NR

51.2

NR
0.115

0.596

NR
127

NR

0. 097!

0.822

75n-125 NR NR NR NR NR NR NR NR NR NR NR

TriBnm NR NR NR NR NR NR NR NR NR NR NR

Ufvdmn233/23d NR NR NR NR NR NR HR NR HR NR NR

Utaubnn23!

WuJmn278

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

-0.111 U

1.74

0.0762 U

0.343 U

0.104 U

0.842
0.0324 U
0.487

0.0268 U

0.48

UNmnn-234 NR NR NR NR NR NR 0.111 U 0.407 U 1.0U 0.534 0.398

9iro65 NR NR NR NR NR NR NR NR NR NR NR
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Ref4rmweDocumenl.:

Locxtion:

Sxmple ID:

MeNod:

SeunPle CoOecled:

Deplh(feelbelowgonndsnrface):

Vidts:

Qnnnlene

199-N-108A

B001,79(EB)

11/15/95

N/A

pcvg

222-5

199-N-109A

BONIVt

12/19195

8-00

CY

222-S

199-N-109A

BONIV8

12/20/95

10-12

CU

222-S

199-N-109A

B0111V9

12/20/95

17-19

CV

222-5

199N-109A

RONIIVI

12/22195

24-26

d

222-8

199.N-109A

BOIi1W2(Dop)

17/22/95

24-26

222-5

19944-109A

BO1IIW3

12/22/95

30

CU

222-5

199-14-109A

ROIIIlV4

22/27/95

39-41

3

222-S

199-N-109A

BONIV/5

12/27/95

50

CU

222-S

199-N-109A

B0F15N9

12118/95

59-61.5

CU

Grosseltlu 2.99 U 5.26 0.969 1.15 U 0.981 1.42 U 0.912 1.45 U its 0.997 U

Grosf beU 2.14 U 2,440 1,610 519 346 319 218 30.5 11.3 42.3

AeWdnm-228 MR MR MR MR NR MR

Alnericimn241 MR 6.46 MR MR MR MR MR MR MR MR

MlNnon -125 Ni NR MR MR MR MR MR MR MR MR

BinmNo-214 MR MR MR MR MR

Cedinimn-109 MR NR MR MR MR MR MR MR NR MR

Carbon 14 MR MR MR MR MR MR NR MR MR MR

Cerimn-144

Cesimn 134

Cesium 137

0.0006 U

0.0034 U

0.0120 U

0.0596 U

0.0881 U

330

0.0259 U

0.0194 U

0.188 U

0.0177 U

0.0169 U

0.125 U

0.0657 U

. 0.0743 U

0.444 U

0.0378 U

0.0342 U

0.370 U

0.0343 U

0.0446 U

0.456 U

0.0108 U

0.0142 U

0.125 U

0.0118 U

0.0157 U

0.135 U

0.0121 U

0.0168 U

0.128 U

Clvoininln5l -1EQ2U MR MR 'NR MR MR MR MR MR NR

Coba1160 -0.0142 U 116 1.98 0.851 0.593 1.01 1.43 0.280 0.646 0.735

Cobalt-58 -1&10 U MR NR MR MR MR NR MR MR MR

Europinm 152

Enropinm 154

EuropM1nn-155

-0.0297 U

0.00584 U

-0.0154 U

MR

0.706 U

0.678 U

MR

0.223 U

0.335 U

MR

0193 U

0.222 U

NR

0.808 U

0.520 U

MR

0.440 U

0.520 U

MR

0.458 U

0.409 U

NR

0.178 U

0.131 U

NR

0.229 U

0.145 U

MR

0210 U

0.143 U

Iron59 -3.5418E-15 U MR MR MR MR MR MR MR MR NR

Lead-214

Md nese-54

Plolomom-238

Plnlonlmn239/240

Polessiwn 40

MR

0.000151 U

-0.00584 U

-0.00186899U

5.68 J

MR

0.0158

MR

MR

10.1

0.00120 U

MR

MR

9.18

0.00185 U

MR

MR

6.56

MR

0.00709 U

MR

MR

17.9 U

MR

0.00356 U
NR

MR

7.19

MR

0.00419 U

MR

MR

6.38 U

0.002 U

MR

MR

9.86

0.002 U

MR

MR

13.0 U

0.002 U
NR

MR

13.8

Radimn 226 0.357 J 930 U 3,27 U 2.29 U 9.98 U 4.82 U 5.22 U 1.71 U 2.01 U 1.98 U

Radiwn-224DA 9E-156 MR MR MR MR 2B-150 MR MR MR MR

RadininQ26DA MR MR MR MR MR MR MR MR MR MR

Redimm228 MR MR MR MR MR MR MR MR MR MR

Rsdimn-228DA MR MR MR MR MR MR MR MR MR

Ru0lmdmn 106 U U U U U U U U U U

RrNrzWmn-103 -68-16 U MR MR MR MR MR MR MR MR MR

StronMim90 0.343 957 761 293 171 130 113 3.07 4.09 16.0 -

Teclmetinm99 MR MR MR MR MR MR MR NR MR MR

Tlwsimn228 0.0416 5.81 U 2.90 U 1.91 U 4.41 U 4.52 U 3.66 U 1.16 U 1.26 U 1.31 U

Thorbnn232 ' MR MR MR MR MR MR MR MR MR MR

75r-125 2P.60 U. MR MR MR MR NR MR MR MR MR

TtRiwn NR MR NR MR MR MR MR MR MR MR

Urenimn233/234 MR MR MR NR MR MR MR MR MR MR

Urelmun235 -0.00146 U MR MR MR MR MR MR MR MR MR

Urenfinn 238 0.0892 MR MR MR NR. MR MR MR MR MR

Unvuwnd34 MR MR MR MR MR MR MR MR MR MR

TLw65 MR MR NR MR MR MR MR MR MR MR
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aN WN AN aN aN aN aN aN 59o'^!L

6050'0 two site p9t'0 TWO LZL'0 A Ifp'0 9C'1 pCL-ummun

BLZO'0 BZYO S'0 11410 S10'0 001'0 n 1,95 0 n 911'0 8EZ munwn

in pzca0'0 1 16Z0'0 In 6910'0 in f9L000 in LzroOo- In Ef0'0 In 580'0 In OIL'0• SEZuuinrv/n

aN aN nN aN aN aN aN aN Pcufa^ m^n
3N UN UN NN AN 3N NN NN u^ua^

NN UN UN WN NN NN NN UN SLI•l71

n pCi'0 919'0 C8910 95110 pOfU ZZ9'0 aN n L910- ZCLumMo'LL

8810'0 1160'0 1160'0 9610'0 8090'0 6990'0 1590'0 n15800 BZLmnuall

UN NN MN NN NN bN aN NN 66um8v^^l^l

nS1100- Z'pl 919 LLZ OOL SSC 060'1 LBI'1 06wn8uoA8

UN UN HN aN aN WN 3N aN C01•u^^^P^1^IPlU

n n n n n n n 901010111o111,I11

NN NN NN NN NN 3N VaBLL•u1,1!P"a

aN NN NN UN NN NN NN NN BZZ^19P'N

n 911'0 f 6CC'0 f LSC'0 f C0C'0 f two r L9C'0 f RCO eS11 Va9ZDUm1P8B

Z51-3C 151•3L 1Si-31 f91-36 951-31 000'0 00010 NN VapLL-mn!P°a

NN WN NN NN NN NN NN NN 9ZLuH.!Pv8

f 61'p f f•ZI - f L9'e. f f61 f C0'e f L9'6 f S046 r 9'LS OP min11alod

n S01o0'0- n C010'0 n n BZZ000• n 91,100 111051 0 n S8f0 L80'K OPZ/6fZmunioWd

n t010o0- n 99500'0 n Lpzooo- n 9c10'0 n n zloo n 1991f 8EZ-uu01on1ld

n ESC0000 n Z97A00'0 n IS1000'0 n 86C0000 A p900000 n ZA00'0- (1000,0 9p0'0 pS-vnur uvSy

WN NN UN 3N NN aN NN Upi plZ-POO1

n pl'aI n pPaE- n pPBS n pl-aL- n VI-al• n 0000 n 000'0 n 000'0 6S u^II

n 6ZL00'0• n 1010'0- n 5010'0 n pll0'0- n zsp0'0 n EL9000 n ZLL00'0 666'0 SSPum!6wna

n pZE00'0- n 9Sp0'0 n L0E0'0 n 89800 n 01I'0 n C1L0'0 n 81p00'0 E6'1 pSI uundoma

aN NN NN LN NN NN 3N NN LSI wn!dolna

n 01-aZ- n 01•al n 01•119- n OI-al O 01 JI n 11-a5- n 01•aS- n 60-ap 85•I1v03

n p000- 99C0 fei0 BfL'0 018'0 LL9 CC'Z 561 091P"

UN NN WN MN UN UN NN BN 1SwuwonlJ

n 900'0- n E1040- n C000 n 0C0'0 150'0 L1310 49Y0 015 LClum!1°D

D i000• D 9000- -n 1000 n C00'0- n E000- n p0000- n 0Z00'0- L1110 pEl u^^9°0J

n p0000- n Z000- n 1000- n 1000- n 100'0- n OZ000- n 60000- n 99Z00 ppl-ump>p
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Originator3T. D. Ludowise Date 15-Sen-97 Ca1c..No.
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Subject Soi1 Remediation Volume for 1301-N and 1325

BHI-01092
Rev. 1

-V0002 Rev No
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^ Date 9 /9
4

Sheet No. I of 15

Purpose. The purpose of this calculation is to estimate the quantity of contaminated soil and
sediment requiring disposal from the remediation of 1301-N and 1325-N. The corrective
measures study for 1301-N and 1325-N (Re£ 1) identified remove and dispose as the preferned
option for remediating these sites. An engineering study (Ref. 2) was commissioned to evaluate
the issues associated with the remove/dispose option and to recommend an optimized
remediation option. The purpose of this calculation is to quantify the volume of contaminated
media and to calculate the concentration of radioactive contamination associated with these
media. The values calculated herein will be used as the basis for a cost estimate and radiation
dose assessment for the project.

Input Data.

Crib Dimensions
1301-N Crib: Drawing H-1-30589
1301-N Trench: Drawing H-1-28855
1325-N Crib: Drawing 14-1-45090
1325-N Trench:: Drawing H-1138894, 48895

Radionuclide Concentrations

Surface Sediment,

Soil Borings (199-N-107A, 108A and 109A):

Assumptions.

Tables A2-1 and A3-1 in the
Limited Field Investigation (LFI)
(Ref. 3).

Table A8-1 (Radionuclide
Concentrations) and Figures Bl-
I through Bl-3 (Borehole Logs)
in the LFI (Ref. 3).

The Engineering Study (Re£ 2) makes several key assumptions regarding the character of the
contaminated soil beneath the cribs and trenches [these assumptions are discussed further in the
engineering study (Re£ 1)1: .

The 5 ft thick contaminated layer (Ref. 1.) can be broken down into two layers based on
activity.

2. The upper layer, containing the bulk of the activity, is 1 ft thick and is referred to as the
high activity layer.

3. The 4 ft thick layer immediately below the high activity layer contains radioactive
contamination levels significantly less than the high activity layer (low activity layer).
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4. The high activity layer is characterized by the average radionuclide concentrations taken
from the snrface of the 1301-N Trench during the latter years ofits operational phase
(1980 to 1985). These data are labeled TS-01 through TS-09 in Table A2-1 ofthe LFI
(Re£ 3).

5. In calculating average, ignore data point with 2,800,000 pCi/g Pu-239/240 as being
unrepresentative ofthe whole.

6. The same layers and activities are common to 1301N and 1325-N Cribs and Trenches.

7. The low activity layer is characterized by the samples collected from borehole
199-N-107A [Table A8-1 of the LFI (Ref. 3)].

8. Operational limit at ERDF would currently restrict alpha emitters (Pu-239/240 and Am-
241) concentration to 270 pCi/g [basic assumption in the engineering study (Ref. 2) ].

9. Operational limit at ERDF could be raised to 2,000 pCi/g [basic assumption in the
engineering study (Ref. 2) ].

10. Am-241 concentration is about 25% of the Pu-239/240 concentration.

These assumptions are carried through this calculation.

References.

1. DOE/RL-97-39,100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures
Study/Closure Plan, Draft A.

2. BHI-01092,100-NR-1 Treatment, Storage, and Disposal Units Engineering.Study,
Decisional Draft.

3. DOE/RL-96-11,1301Nand 1325-N Liquid Waste Disposal Facilities Limited Field
Investigation Report, Rev.,0.
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Originator J.D. Ludowise Date
Project Remedial Action Job No.
Subject Soil Remediation Volume for 1301-1

EHHEq

9116/97 Calc. No.
12182 Chck'd By

Rev No.
Date 9
^7

Sht. No. 6 of 15

Length, ft 114.44 1 288.41 1 277.00 260.19 1 194.49 364.94
Volume of High Contamination Layer, Cubic Feet

High High Cont
Contamination LayerCross-

Layer Sectional Area,
Thickness, ft sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

0 0 0 • 0 0 0 0 0 0
0.5 15 1,663 4,191 4,026 3,781 2,826 5,304 21,791

1 30 3,446 8,684 8,340 7,834 5,856 10,988 45,149
1.5 47 5,348 13,478 12,945 12.159 9,089 17,055 70,074
2 64 7,370 18,573 17,839 16,756 12,525 23,502 96,566

2.5 83 9,511 23,970 23,022 21,625 16,164 30.331 124,624
3 103 11,772 29,668 28,495 26,766 20,007 37,542 154,250

3.5 124 14,153 35,668 34,257 32,179 24,053 45,134 185,443
4 146 16,653 41,969 40,309 37,863 28,302 53,107 218,202

4.5 168 19,273 48,571 46,650 43,820 32,754 61,461 252,529
5 192 22,012 55,475 53,281 50,048 37.409 70,197 288,422

Volume of Low Contamination La er, Cubic Feet
Low

High Contamination
Contamination Layer Cross-

Layer Sectional Atea,
Thickness, ft sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

. 0 313 35,762 90,127 86,563 81,310 60,777 114,045 468,583
0.5 298 34,099 85,936 82,537 77,529 57,951 108,741 446,792
' 1 282 32,316 81,443 78,222 73,476 54,921 103,056 423,434
1.5 266 30,414 76,649 73,618 69,151 51,688 96,990 398,509
2 248 28,392 71,554 68,724 64,554 48,252 90,543 372,018

2.5 229 26,251 66,157 63,540 59,685 44,613 83,714 343,959
3 210 23,990 60,459 58,068 54,544 40,770 76,503 314,333

3.5 189 21,609 54,459 52,305 49,131 36,724 68,911 283,140
4 167 19,109 . 48,158 46,253 43,447 32,475 60,938 250,381

4.5 144 16,489 41,556 39,912 37,490 28,023 52,584 216,054
5 120 13,750 34,652 33,282 31,262 23,368 43,848 180,161
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Project Remedial Action Job No. 22192 Chck'd By

Subject Soil Remediatlon Volume for 1301-N and 1325-N

Rev No. A
Date
Sht. No. 1101 15

Length, ft 750.00 1 750.00 1 750.00 750.00
Volume of High Contamination Layer, Cubic Feet

High
Contamination

Layer
Thickness, ft

High Cont.
Layer Cross-,
Sectional
Area, sq ft olume W olume X olume Y olume Z otal

0 0 0 0 0 0 0

0.5 22 16,524 16,524 16,524 16,524 66,098

1 45 33,633 33,833 33,833 33,833 135,330

1.5 69 51,924 51,924 51,924 51,924 207,698

Volume of Low Contamination Layer, Cubic Feet

High
Contamination

Layer
Thickness, ft

Low
Contamination
Layer Cross-
Sectional
Area, sq ft olume W olume X olume Y olume Z otal

0 386 290,625 290,625 290,625 290,625 1,162,500

0.5 365 274,101 274,101 274,101 274,101 1,096,403

1 342 256,793 256,793 256,793 256,793 1,027,170

1.5 318 238,701 , 238,701 238,701 238,701 954,803
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Volumes

tb

rn

Originator J D. Ludowise Date 9/16/97 Calc. No. 9100X-CA-V0002

Project Remedial Action Job No. 22192 Chck'd By 49^
Subject Soil Remediation Volume for 1301-N and 1325-N

Rev No. A
Date Vi5/Ŝ
Sht. No. 15 of 15

Volume, Cubic Feet
ERDF
Oper- Estimated
ational Pu-239 Am-241 Total
Limit, Conc., Conc., Dilution 1301-N 1325-N Volume,
pCl/g pCi/g pCi/g Factor 1301-N Crib Trench 1325-N Crib Trench Total Cubic Yards

High Exposure . 40,649 10,162 36,250 . 45,149 60,000 33,833 175,231 6,490

Low Exposure 1;873 468 145,000 423,434 240,000 256,793 1,065,227 39,453

Total 181,250 468,583 300,000 290,625 1,240,458 45,943

Hi h Exposure 270 188.2 6,821,881 8,496,569 11,291,389 6,366,932 32,976,770 1,221,362

LowExposure 8.7 1,257,338 3,671,724 2,081,111 2,226,724 9,236,897 342,107

Total 8,079,219 12,168,293 13,372,500 8,593,656 42,213,667 1,563,469

Hi h Exposure 1080 . 47.0 1,705,470 2,124,142 2,822,847 1,591,733 8,244,193 305,340

Low Exposure 2.2 314,334 917,931 520,278 556,661 2,309,224 85,527

Total 2,019,805 3,042,073 3,343,125 2,148,414 10,553,417 390,867
M

Hlgh Exposure 2000 25.4 920,954 1,147,037 1,524,338 859,536 4,451,864 164,884

Low Exposure 1.2 169,741 495,683 280,950 300,608 1,246,981 . 46,184

Total 1,090,695 1,642,720 1,805,288 1,160,144 5,698,845 211,068
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Data ouece: 222•9 222•9 222•9 222•9 222•9 222•9 222•9 222.9 222•9 222•9 11919
laal)om 19944•107A 19941-101A 199•N•107A 19944•101A 19944•101A 19944-107A 199•N•101A 19914•107A 79944•107A 19944-101A 19944•107A

SempteID: 0000C)e B00LP1 800LF1 000LF7 B00LF6 000LF/(Dup) B00LF9 8001.00 B00L01 B0111V6 BOOL6S
Melhed: '

9empleCoOecled: 0/21195 11129195 11130)93 17/9195 12/3195 11/9/91 12/6193 12/6195 17/1193 12/1193 11/29193
gIevclton (MI above mcu

eutevel): N/A 131•119 149•111 431 132•130 132•170 420 410 103•101 391 491-119
Depih (feel below poun •

iwfice): N/A 9•11 11•13 23 21•30 21-30 40 50 51-59 69 9.0•11.0
w CU Cv cv Cv Cv Cv v W Cv cv MCIAM

Oroue e 17 00 1 31, 200 2.52 U 2.18 .3 0.96/ .96 .7 960
Oeoubeq 30500 61700 60600 . 1310 1110 1490 1610 1/5 121 123 129000
AclWum•220 . NR NR NR NR NR NR NR NR NR NR NR
Amedclum211 17'300 856 1 , 130 NR NR NR NR NR NR NR 1110
MOm •121 . NR Me NR NR NR NR NR NR NR .NR
Obmulh.214 NR NR NR NR NR NR NR MR Nie NR
Cedmlum•109 21R NR NR NR NR NR NR NR pR
Coban 11 NR NR NR NR 70e NR NR NR 7•IR
Cedum•11/ NR 176 102 U t1.2 6.5 U 2.31 U 1.17 U 2.44 U 2 .130 U
Culmn 131 NR 97.9 U 17•1 U 1.61 0.262 U 0.223 U 0.097 U 0.076 U 0.111 U

R
31.1 U

Cnlwn 1 31 102 .000 11 . 106 15 , 101 1790 5.01 S.6f 0.143 U NR 0.41 U 15100
Chramium 31 NR . NR NR . NR NR NR NR NR NR
Cebeh60 1 6. 300 107000 131000 23.9 5./1 5.33 1.1 0.716 1.15 139000
Cot+d4l1 NR NR NR Me NR NR NR NR NR .120 U

IS2 NR Ml NR HR NR NR NR NR 2.1! U
1f1 / I 100 I 0J0 1170 0.971 U 0.93U 0.767 U 0.206 U 0.294 U 0.521 U 0.49 U 990
I1S 4110 JSS 306 5.95 U 2.01 U 1.11 U 0.716 U 0.332 U 0.703 U 0.691 U 207

NR NR NR NR NR NR NR NR NR NR •10 U
^

d

NR NR NR NR NR
ll •

I

121 U 0.l6t U 0.261 U 0.1l1 U 0.097 U 0.10! U 0.211 U 11,3 U l6.1 U
.i3/ NR NR NR NR NR NR NR NR NR 226

239/210 12700 6t9 NR NR NR NR NR NR NR 1l90

10 NR /22 U If7 U 0.11 7.02 U NR 11.6 2.OS 16.f 17 019

6326 NR 1110 U 1 1260 63 U 6.77 U 9.21 U 3.36 U 2.07 U .91 U 4753 NRR

Rtdlum•121DA NR NR NR NR NR ' NR NR NR NR NR

Red)um-026DA NRI NR NR NR NR NR NR NR NR NR . 104 U

Redium42 NR NR NR NR NR NR NR NR NR NR NR
Redium-021DA NR NR NR NR NR NR NR NR NR NR NR

RuORn)um106 NR 1.9300 1 ,740 U 29 U 6.11 U 4.69 U 1.25 U .76 U 3•32 U 3.36 U 103 U
Ruthedvm•10) NR NR NR NR NR NR NR NR ' Ml NR NR

9uon um90 fiiff iil0 Il600 1/7/ 1 S/ 1 SO 1080 111 63.2 54.6 9560
teclme6wn99 NR - NR NR . NR NR ' NR NR NR

7fioduln 228 5. 210 U 630 ISi 31.2 U 50A 19.9 U 1.14 U 20.6 U 11.2 U 33.! U
7hodum212 NR NR NR NR NR NR NR NR NR 62.2 U
111-121 NR NR NR NR NR NR NR NR HR NR
ieidum NR NR NR . NR NR NR NR NR NR NR

Un Om2f3/231 NR NR NR NR HR NR NR NR NR

thc um23S NR NR NR NR NR NR HR NR 0.677U

U um 23t NR NR NR NR NR NR NREN -0.226 U
Un um43/ NR NR NR NR NR NR I0.S^U
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Data 9muce: 11919 1101Y 11111.9 1101.4 IID19 222.3 222-9 222-9 224 222•9 . 222•9
Ipcation: 19941401A 199•N•101A 19944•101A 19941-101A 19944•107A 19944•101A 199•N-101A 199•11408A 199-11•101A 199•N•100A 199•14-101A

9ample ID: 0001,09 D001.91 DDDL92(Dup) 0001.95 D001.91(RD) 110DLD2 D0OL03 DOOtA3 000Ib1(13up UODLD6 DOOLD7
Method:

RampleCoSeeted: 11/30195 1213193 1211195 1211195 17/1195 11/9195 1119/93 11110195 11110193 11110193 11/10193
0levation (feel abow men

eatevel) 419•117 132•130 432•630 103•401 •- 4e1•111 439 131•131 43/-132 429 121.9
Depth (feel bNmv rou

emdce) 11.0•13.0 21•30 21.30 51-39 NIA 11.!•16.f 11 23-23 23-25 21 32.9
U61te• Ocv, CV CV CV CV CV V

Oeeu e e 30 . 6. 6.61 .1 .3 . ,3 • 1
Oreei bats 131006 4 ,416 9,120 293 17 600 1690 1771 133 211
Ac um421 NR NR NR NR NR NR NR
Amedctum211 1050 NR NR NR

M

NR NR NR
AnOmen •12S NR NR NR NR NR NR NR NR NR

NR NR NR NR N NR NR NR NR
NR NR NR NR NR NR NR NR

Cubon 11 NR - Ml NR NR NR NR NR HR
C um•1/1 62.9 U •0.51 U 0.096/ U •0.0311 •0.103 U 66.7 U 107 U 21 U 13.1 12 U 6109 U
Calum tll 1.11 U •0.01 U .0.0459 U •0.0111 •0.00131 U 9.51 U 17.1 IS U 1.32 U 0.962 U 0.622 U
Culum 137 13 ,300 1.16 6.01 0.0144 U 0.0116 U 3100 13,700 101 11.9 11.1 1.36 U
Ceuomium $1 NR NR NR NR NR NR HR
Ce d160 130000 I.f6 3.57 1.29 -0.00625 U 511 1 00 10.1 11.1 3.67 0.999 U
Cebdt•SI •100 U 0.031) U •0.00793 U 0.0116 •0.0333 U NR NR NR NR NR NR
Duro Ium 152 71.1 U 0.0936 U •0.201 U 0.0341 U 0.0133 U • NR NR NR NR NR NR
&no lum 151 e01 0.133 U 0.117 U 0.0133 U •0.0017 U 9.05 U 11.1 U 5.99 U 5.61 U 2.2 U 1.61
Dtv um•ISS 111 0.0209 U 0.133 U 0.0133 U 0.0)f9 U 16.1 U 21. U 6.09 1.2 U 3.11 U .66 U
Oen 39 112 U •021 U •0.01 U 0.07 U •0.09l60 U NR NR NR NR NR
I.eed.111 NR NR NR NR NR IiR NR NR NR
M tee-01 19.3 0.0913 U 0.0/7 U 0.0357 U •0.0 16 U ^' f 0! U 9.49 U1.33 0.971 U 0.913 U 0.391 U
Piulotdum-2)/ 169 •0.00126 U 0.0012) U 0.00339 U •0.000112 U NR 11.2 NR NR • NR 21R
Plutonlum 239/210 3 310 0.013 U 0.0100 •0.00136 U 0.00172 U

NR

73. NR NR
Poteuluml0 55.1 9.73 f.f) 15.7 /.1/1 13. U 13.3 U 11.1 U 13 U 35.4 U 15.7 U
Redlum126 NR NR NR NR 1 1 100 U 36.1 U 17.1 U 20. U I.7 U
Redlum•111DA NR NR 0.511 U 0.13! 0.0/57 NR NR "It NR . NR NR
Red um426DA SS U 0.316 J 6.70 J 0.165 J 0.1603 tIR NR HR NR NR
Redlutw221 NR NR NR NR NRI NR NR NR NR NR
Redlum411DA NIX NR NR 0.961 NR NR NR NR NR

um 606 •W U 0.103 -0.203 U -0.116 U •0.0911 U l0f 116 U S U 16. U 20 U 0.6 U
Ru ed+m-)0) NR NR NR NR NR NR
9tton6utn90 0700 6571 1 11 SO 0.0 1 U ^ 3f 7/ 11 0 1 f0 If3 It
Teehne 99 NR NR NR NR NR NR NR NR NR
Thetium221 111 U 0.17 0.101 0.161 1119 127 U 63 U .165 U 15 U .' 11 U 51.7 U
iho umt)1 •116 U I.q 0.311 U 0.611 • NR NR . NR . NR NR
Tht.12f NR NR NR NR NR NR NR NR NR NR
TthOt NR NR NR NRI NR NR NR NR NR NR NR
Ur )Sfl1 NR NR

u813 67 U 17 0.00716 0.0 93 0.00711 U NR HR NR NR NR
Vr ) 9.99 1.163 • 6.11 ' 1.76 0.0117 NR NR ORi NR NR

216 .11 U 6.111 0.179 0.301 0.0267 NR NR NR NR
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BHI-01092
Rev. I

Amd=mt 3 sinetN0. ^ of
Driginamr _ .T. D< L^c ccd. 6 Damcexa By
C

^ ^^
a1c.No. OlOOif/-G/1- 0002 Rev,11o,

Z Length, ft 114.43775600736 28E.40596387731 277 260.192236625154 194.486503387767 , 364.943831294625

3

^

S

High Contamination Layer
Thickness, It

0

High Cont Layer Cross=
Sectional Area, sq ft

=2.09"C15"2+28.02'C15
Flume

=E$12"$D15
Volume A

=F$12'$D15
Volume B

=G$12'$D15
Volume C

=H$12'$D15
Volume D

=1$12'$D15
Volume E

=J$12"$D15
Total

=SUM(E15:J15)
a 0.5 =2.09'C16^2+28.02'C16 =E$12"$D16 =FS12'$D16 =G$12"$D16 =H$12`$D16 =1$12'$D16 =J$12'$D16 =SUM(E16:J16)
7

if

1
=0.5+C17
=0.5+C18

=2.09'C17^2+28.02'C17
=2.09'C18^2+28.02'C18
=2.09'C19^2+28.02'C19

=E$12'$D17
=E$12'$D18
=E$12"$D19

=FYS12'$D17
=F;,12"$D18
=F:312"$D19

=G$12`$D17
=G$12'$D18
=G$12•$D19

=H$12'$D17
=H$12"$D18
=H$12"$D19

=1$12'$D17
=1$12"$D18
=1$12"$D19

=J$12'$D17
=J$12"$D18
=J$12'$D19

=SUM(E17:J17)
=SUM(E18:J18)
=SUM(E19:J19)

> =0.5+C19 =2.09•C20^2+28.02'C20 =E$12*$D20 =F;>12'$D20 =G$12"$D20 =H$12*$D20 = 1$12•$D20 =J$12'$D20 =SUM7,520:J20)
z/ =0.5+C20 =2.09•C21^2+28.02"C21 =E$12'$D21 =F*12'$D21 =G$12"$D21 =H$12'$D21 =1$12'$D21 =J$12'$D21 =SUM(E21:J21)
X 2 =0.5+C21 =2.09'C22"2+28.02"C22 = E$12"$D22 =FSi12'$D22 =G$12*$D22 -1-I$12•$D22 =1$12"$D22 =J$12"$D22 =SUM(E22:J22)
L3
2

=0.5+C22
=0.5+C23

=2.09•C23^2+28.02"C23
=2.09•C24^2+28.02"C24

=E$12'$D23
=E$12'$D24

=F$12'$D23
=F,^12'$D24

=G$12*$D23
=G$12'$D24

=H$12*$D23
=H$12'$D24

=1$12'$D23
=1$12"$D24

=J$12'$D23
=J$12*$D24

=SUM(E23:J23)
=SUM(E24:J24)

'. =0.5+C24 =2.09'C25A2+28.02•C25 =E$12*$D25 =F312'$D25 =G$12'$D25 =H$12*$D25 =1$12"$D25 =J$12'$D25 =SUM!E25:J25)
id

High Contamination Layer
Thickness, It

Low Contamination Layer
Cross-Sectional Area, sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

%I =C15 =312.5-D15 = E$12"$D29 =F$12'$D29 =G$12'$D29 =H$12'$D29 =1$12"$D29 =J$12'$D29 =SUM;E29:J29)
3 ' =C16 =312.5-D16 = E$12'$D30 =F$12$D30 =G$12•$D30 =H$12"$D30 = 1$12'$D30 =J$12'$D30 =SUM(E30:J30)
p =C17 =312.5-D17 =E$12'$D31 = F$12"$D31 =G$12'$D31 =H$12$D31 = 1$12'$031 =J$12"$D31 =SUM,E31:J31)

=C18 =312.5-D18 = E$12'$D32 =F512'$D32 =G$12'$D32 =H$12'$D32 =1$12'$D32 =J$12*$D32 =SUM:E32J32)
33 =C19 =312.5-D19 =E$12'$D33 =F$12"$033 =G$12'$D33 =H$12"$D33 =1$12'$D33 =J$12*$D33 =SUM(E33:J33)
;
S
36
37
3$
^f

=C20
=C21
=C22
=C23
=C24
=C25

=312.5-D20
=312.5-D21
=312.5-D22
=312.5-D23
=312.5-D24
=312.5-D25

=E$12'$D34
=E$12"$D35
=E$12"$D36
=E$12'$D37
=E$12*$D38
=E$12'$D39

=F$12*$D34
=Fb12'$D35
=F$12'$036
=F$12'$D37
=F$12'$D38
=F$12'$D39

=G$12*$D34
=G$12'$D35
=G$12•$D36
=G$12'$D37
=G$12•$D38
=G$12'$D39

=H$12*$D34
=H$12'$D35
=H$12•$D36
=H$12`$D37
=H$12'$D38
=H$12"$D39

=1$12'$D34
=1$12'$D35
=1$12'$D36
=1$12'$D37
=1$12"$D38
=1$12"$D39

=J$12*$D34
=J$12'$D35
=J$12'$D36
=J$12"$D37
=J$12'$D38
=J$12'$D39

=SUM(E34:J34)
=SUM(E35:J35)
=SUM(E36:J36)
=SUM(E37:J37)
=SUM(E38:J38)
=SUM(E39:J39)
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Length, ft 750 750 750 750

High Contamination Layer Thickness,
It

High Cont. Layer Cross- Sectional
Area, sq ft Volume W Volume X Volume Y Volume Z Total

0

0.5

1

1.5

=2.09'C15"2+43.02'C15

=2.09'C16"2+43.02'C16

=2.09'C77"2+43.(2'C17

=2.09'C18"2+43.L2'C18

=E$12'$D15

=E$12'$D16

=E$12'$D17

=E$12'$D18

=F$12'$D15

=F$12'$D16

=F$12'$D17

=F$12'$D18

=G$12'$D15

=G$12'$D16

=G$12'$D17

=G$12•$D18

=H$12'$D15

=H$12•$D16

=H$12'$D17

=H$12'$D18

-=SUM(E15:H15)

=SUM(E16:H16)

=SUM(E17:H17)

=SUM(E18:H18)

High Contamination Layer Thickness,

ft

Low Contamim:tion Layer Cross-
Sectiona : Area, sq It Volume W Volume X Volume Y Volume Z Tofal

=C15

=C16

=C17

=387.5•D15

=387.5-D16

=387.5-D17

=E$12'$D22

=E$1YSD23

=E$12'$D24

=F$12'$D22

=F$12'$D23

=F$12'$024

=G$12'$D22

=G$12'$D23

=G$12'$D24

=H$12'$D22

=H$12'$D23

=H$1T$D24

-=SUM(E22:H22)

=SUM(E23:H23)

=SUM(E24:524)
=C18 =387.5•D18 =E$12'$D25 =F$12'$D25 =G$12'$D25 =H$12'$025 =BUM(E25:H25)

Anaavoent 3 ^t No.^^y9dpnetoi '-D.'Se

Ca1c.DTo. OlPO GA- UtJOD2 RveNo 5 47
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14 c D
^

H 7'- J
VWmie. Cuti,c Feet

4^' 54G,Et- ^.2

T^ f ^^^^^^• T(,.5 ^i'fOLleM <.i .
ERDF Opera8awl Limd. EsObrote.d Am241 Ca,c.

pCi19 Pu,239 Cme, pCi,9 PCU9 DAution Faqcr 1301-N Cret TrenM 13257J CriD Trmtll Tetal Total Vdume. Cubic Yads
igh Exposure 40649 ^25•C12 =36250 OLUMES.XLS 1301-N reridl'!SK517 60000 _ OLUMESJ(LS1132,^NT '!SE317 =SUM(F12:112) =N227

` ewE^osure 1873 ^15'C13 ^'36250 =']VOLUMESJ(LS]7301-NTrmch'!SKS31 =4•600pp ='(VOLUMESXI$]132SIJTrerKN!SES24 =SUM(F13:113) =J1327
^ otal =$UM(F12:F73) !-SUM(G12:G13) =SUM(H72'H73) =SUM(112:113) =SUM(J12J13) =S(1M(K12X13)
^ ghExpowro 270 -4SC12+SD12ySBt15 = F12'3EiS -G72•3Ei5 =Hi2*8E15 =112•SE15 =SUM(F15:115) =J1527

ow6cpowro ^ 1SC13+SD13y5&S15 =F13•SEi6 .,G13•SE76 =H13•SE16 =113•SE16 =SUM(F16:116) =Ji627
=SUM(F15:F76) ?SUM(G15:Gi6) yqUM(H15:H16) =SUM(115:116) =SUM(J15:J76) =SUM(K75:K16)

igSExposurt 1080 '1SC124D12yS6t18 F12SE18 .:G12SEi8 =ii2YE18 =112•SE1$ =SUM(F18:118) =J1827
LuwEx7^ro °YSC73tSD13pSB518 =F13•SEt9 =G13•SE19 =H73•6E79 =113•SE/9 =SUM(Ft9:119) =J7927

Q- Otat =SUM(F18:F19) =SUM(G18:G19) =SUM(H18:H19) =SUM(ii8:119) =SUM(J18:J19) SUM(K18:Kt9)
iq^Exposu,e 2000 ^4SC12.SD12y58521 =F12'SE21 =G723E21 =H72'SE21 =112•SE21 =SUM(F21:121) =12127

{- avExpowro - ySC13+SD13yS8521 =F133E22 =G13SE22 =H133E22 =113•SE22 =SUM(F22122) =J2227
olal =SUM(F21:F22) `SUM(G21:G22) =SUM(H21:H22) mSUM(121:122) ' =SUM(J21J22) =SUM(K21:K22)

1OK 9-/7-9^
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Area 100N Remedial Actions and Wastes DisDosal Proiect (RAWD)
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Bechtel Hanford, Inc. CALCULATION SHEET
BHI-01092
Rev. 1

Originator Mike Wesselman Date 10/10/97 Ca1c. No. 100N-CA-V0004 Rev No 0
Project 100N CRIBS, RAWD Job No. 22192 Checked It Date:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. I of 18

Dose rates for worker expected to soend time in low dose areas or more.than 30 feet from B-25
boxes and drums.

This group includes all workers not directly involved writh the excavation in Option 2. Laborers
and RCT's at ERDF in options 3 and 5 and the water truck driver in all options.

The 1995 Man Carried Radiological Detection System (MRDS) survey (File ID #'s
1325C826.dwg & 1301C826.dwg) shows dose rates along the edge of 1301N and 1325N range
from .1 to 100 mR/hr. Removing the panels, allowing 6. years for the decay-of Eo-60 between
1995 and 2001, and applying 2 feet of overburden is expected to reduce doses in these areas to
between background and 1 mR/hour. A dose of.1 mR/hr is used when calculating the exposures
to these workers. A value of .03 mR/hr was used for estimating exposures for workers in similar
functions at the 100 BC remedial action and the estimated exposures have been higher than the
recorded ones for over a year.

Modeling with MICROSHIELD version IV software, using sample results from 1995 drilling
operations shows that 2/3 of the 1995 dose rate is from Co60. By 2001 the dose rates from Co-60
will decrease by at least 55% which should decrease the total dose rate by at least 35%.
Modeling shows two feet of fill over the most contaminated areas reduces the dose by at least a
factor of 100 ( See Microshield DOS File "TRENC5" output for Case number 1, no buildup
divided by the output for case 4, no buildup). It is assumed that this will reduce exposure in
surrounding areas as well. It is further assumed low dose areas of.1 mR/hr can be created in the
work area using steel plate. soils or crib panels for shielding and workers can move to even
lower dose areas when workin¢ near 1325 N.

The same dose is used to represent "shine" through less contaminated overburden from high dose
items and soils placed at the Environmental Restoration Disposal Facility (ERDF).

Dose to Workers with Blended Wastes .

This applies to all workers near filled containers in Option 2 and workers near filled RCI
containers in options 3 & 4.

Modeling shows that the most highly contaminated soils can be shielded to near background
levels if three feet of soil is between the source and the receptor ( See Microshield DOS File
"TRENC5" output for Case number 4, no buildup) . The "blending" operation will provide
shielding to the driver and anyone in Container Storage areas by placing the medium radioactive
soils in the center of the container. It is assumed that the blending technique can be modified to
ensure all workers are shielded. Based on current sample data, medium contaminated soils will ^
not occupy more than 60% of the container. Most containers will have levels below this. Dose
rates consistent with current remedial actions were selected.
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MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page : 1 File Ref:
DOS File: TRENC5.MS4 Date: ^i^
Run Date: September 14, 1997 By:
Run Time: 10:39 p.m. Sunday Checked:
Duration: 0:04:17

Case Title: model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Cs137

GEOMETRY 13 - Rectangular Volume
centimeters feet and inches

Dose point coordinate X: 570.0 18.0 8.4
Dose point coordinate Y: 500.0 16.0 4.9
Dose point coordinate Z: 5000.0 164.0 .5

Rectangular volume width : 10000.0 328.0 1.0
Rectangular volume length: 400.0 13.0 1.5
Rectangular volume height: 1000.0 32.0 9.7

Shield 1: 91.44 3.0 .0
Air Gap: 78.56 2:0- 6.9

Source Volume: 4000000000 cm" 3 141259. cu ft. 2.44095e+8 cu in.

MATERIAL DENSITIES (g/cm"3)
Material Source Shield 1 Air Gap

Shield Slab
Air 0.00122
Concrete 1.8 1.5

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 20
Z Direction 20

SOURCE NUCLIDES
Nuclide curies microCi/cm'3 Nuclide curies microCi/cm"3
Ba-137m 5.3974e+003 1.3493e+000 Co-60 3.3161e+003 8.2902e-001
Cs-137 5.7055e+003 1.4264e+000
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Page : c
DOS File: TRENC5.MS4
Run Date: September 14, 1997
Run Time: 10:39 p.m. Sunday
Title : model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Cs137

====== RESULTS FOR SENSITIVITY REFERENCE CASE (Shield #1 = 91.44) ======
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildt
0.0318 4.134e+012 2.691e-066 1.386e-022 2.242e-068 1.155e-024
0.0322 7.628e+012 4.697e-064 2.658e-022 3.780e-066 2.139e-026
0.0364 2.776e+012 1.451e-047 1.481e-022 8.244e-050 8.416e-025
0.6616 1.797e+014 2.357e-001 1.043e+001 4.569e-004 2.023e-002
0.6938 2.001e+010 3.609e-005 1.480e-003 6.969e-008 2.857e-00E
1.1732 1.227e+014 6.323e+000 1.146e+002 1.130e-002 2.047e-007-
1:3325 1.227e+014 1.350e+001 2.040e+002 2.342e-002 3.539e-00:

TOTAL: 4.396e+014 2.006e+001 3.290e+002 3.518e-002 5.788e-00=

SENSITIVITY RESULTS For: Shield
Case Sensitivity Energy Fluence Rate

Number Variable ( MeV/sq cm/sec)
Value. No Buildup With Buildup

1 0.0 3.342e+005 7.776e+005
2 30.48 7.941e+003 5.134e+004
3 60.96 3.722e+002 4.123e+003
4 91.44 2.006e+001 3.290e+002

#1 (cm)
Exposure Rate In Air

(mR/hr)
No Buildup With Build;
6.000e+002 1.403e+00:
1.406e+001 9.160e+00'
6.549e-001 7.294e+00
3.518e-002 5.788e-00:

Use the Display Menu For Energy Group Results For All Cases.
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Bechtel Hanford, Inc.

Originator
Project -

Sheet No. 2 of I

CALCULATION SHEET

^ Date 10/10/97 Calc. No.

7D Job No. 22192 Checked

= Workers Involved with F

Dose to Track hoe & Forklift Ooerators .

Rev No 0
!:10/10/97

This exposure estimate assumes a track hoe with a 30' boom arm (similar to a Caterpillar 325L

excavator). The dimensions of a trackhoe bucket are assumed to be 1 meter cubed. The dose rate

from the bucket will only be a minor addition to the operator's dose. The MICROSHIELD model

shows by applying shielding to a trackhoe "thumb" and using a bucket with 1" thick sides, dose

rates from the bucket should be less than 1 mR/hr for soils contaminated with 1 uCi/g each of

Cs'37 and Co60. See MICROSHIELD DOS file "BUCET". output for case number 3, no buildup.

Dose rates from being near the edge of the exposed wastes will probably contribute the majority

of the exposure. Shielding can be applied to the trackhoe to minimize this exposure. The dose

rates are assumed to be the same for the forklift operator because the B-25 boxes. which are

moved by the forklift, will be filled near the edge of the crib.

^ The 1995 MRDS survey (File ID #'s 1325C826.dwg & 1301C826.dwg) shows dose rates along

the edge of the trenches to range from.1 to 100 mrem/hr. Removing the panels and applying 2

feet of overburden is expected to reduce dose rates in these areas to between background and 1

mR/hr. Some locations on the cribs will still have dose rates up to 10 mR/hr, but the long boom

on the trackhoe should preclude the need for workers to stay in these areas. The remainder of the

exposure for these workers will come from being near containers filled with wastes. The forklift

will have at least 2 inckies of plate steel installed on its lifting face and the driver will be

approximately 10 feet away from the B-25 boxes and drums of TRU wastes. The track hoe

operator should be able to stay at least 20 feet way from any container. The combination of

shielding and distance should keep the average dose rate for the operators below 3.5 mR/hr.

This dose rate allows for brief periods where the operators are exposed to the unshielded

container. Modeling shows this assumption is valid.

A larger forklift was specified to accommodate the required shielding, and its costs were

calculated
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Excavators Long Reach
• Introduction
• Arrangement Description
• Range Dimensions

INTRODUCTION
Long reach excavators are designed specifically

for those jobs requiring reach capability beyond the
range of normal excavators. Applications for which
long reach excavators are ideally suited include
ditch cleaning, slope finishing, river conservation,
and other work formerly reserved for draglines.

Caterpillar offers two hydraulic excavator models
in long reach arrangements. Each model uses pur-
pose-built booms and sticks designed by Caterpillar
for mA=i+ii++ed performance and durability.

320 L LONG REACH
325 L LONG REACH
Long Reach Front Includes: Boom, stick. linkage

cylinders (boom, stick, and bucket), hydraulic lines,
and additional counterweight for stability while
working over the side. Dimensions include ditch
cleaning bucket.

320 L 320 L• 325 L
Long Reach Long Reach Long Reach

Model mm It mm It mm It

A MWxinwmReatlfatGtounELevN 15725 81T 16560 547 18290 60'b'

B MWamun Digying Deqh 11 880 38'0' 12 800 429' 14 625 48'0'

C MalfinnimCwing MeigM 13290 43T 13400 • 4311' 13580 44T
D Mexunum DimpiM Neight 11 010 361• 11 350 37'Y 11 550 3711•

E Mininwm LoaOing fleignt 1970 6'6' 2300 7tl' 1347 4'S'_

320 L. 325 L LONG REACH
6MMt Budut 71p SAE 9ueket
lyp* WMBf RadWa H"pad Cap. Wdght

npn In mm In L ytl+ - kg
It,

7

GeneralPurpose 810 32 1220 48 450 0.89 340 750 ^
D'iteA Clearrvrg 1142 48 J 1091 43 600 0.78 290 640 N^

320 L• LONG REACH
sudat sueat no SAE eudat sudwt sa
Type Wkth RadWa NespsC Gp. Wsk^M

Na of
Curl Forca

i
C^

mm In nvn In I. yAP kg . lb Teeth kN lb Idi

Generai Pumose - - - - - - -
Ditch Cleanng 1800 70.8 780 30.7 600 0.76 400 882 - 6325 14,231

^ie

62.82

Na M timmions It nadim *winceo wilh 6rch 4aaiq arbt

^
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:ONG REACH ATTACHMENT

SH IPPING DIMENSIONS

^looel
320 L

m ft
320 L'

m It
325 L

m 1t

A pverzOTrensportLengm
(Front FoMeol 12.65 41'S• 12.99 42T 14.37 47'2•

B Overall Heigm (To Too oi Baom) 321 10'B' 3.35 10'0' 3.25 10'8•

OverallN(idth(ToWi0e5tPOmt) 3.18 t0'S' 3.7 12R' 3.39 11-11

:.•wm swmC. Eiitrii wee 94uge artl 900 nm (34) tndr stwas.
ren: fror olner lfsse maznro mnemwns. See slc4m on rtuttYrwa wM GP efnNrrbnts

320 L 320 L• 325 L
Motlel kg Ib kg Ib kg Ib
ao0ib00011 Counterwebnt 800 1764 1100 2425 1100 2425

_cng Reacn BuortC
hIC111095 b0on1, Stitl( CYFM19r.11ytl2WIC
Ffd& and 06151n1 6tICk StiUt Cyllntler,

and Ccan mo enC 2270 5004 2504 5515 3110 6856

Long Reach SCCk:
InWNfes stlCk, Oucket Gnkage and prts,
txxlret cyunuer and opn. and trytlr4uGC 6nes 1260 2778 1290 2541 1570 3461

LONG REACH ATTACHMENT COMPONENT WEtGH7S

_eg.en sauuG tnup^s ara woe gauge ana rwrorceo upoennme.
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MicroShield 4.21 - Serial #4.21-00949 Rev.1
Bechtel Hanford, Inc.

Page : 1 File Ref:
DOS File: BUCET.MS4 Date:
Run Date: September 14, 1997 By:
Run Time: 7:58 p.m. Sunday Checked: ^^.
Duration: 0:02:31

Case Title: trachoe bucket

GEOMETRY 13

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:

Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

Shield 1:
Shield 2:
Air Gap:

- Rectangular Volume
centimeters feet and
1100.0 36.0

50.0 1.0
0.0 0.0

100.0 3.0
100.0 3.0
100.0 3.0
900.0 29.P-

2.54 0.0
97.46 3.0

inches
1.1
7.7
.0

3.4
3.4
3.4
6.3
1.0
2.4

Source Volume: 1000000 cm'3 35.3147 cu ft. 61023.7 cu in.

MATERIAL DENSITIES (g/cm'3)
Material Source Shield 1 Shield 2 Air Gap

Shield Slab Slab
Air 0.00122 0.00122
Concrete 1.5
Iron 7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 2

INTEGRATION P
Quadrature Order

X Direction 10
Y Direction 20
Z Direction 20

SOURCE NUCLIDES
Nuclide curies microCi/cm'3 Nuclide curies microCi/cm':
Ba-137m 1.4190e+000 1.4190e+000 Co-60 1.5000e+000 1.5000e+00(
Cs-137 1.5000e+000 1.5000e+000
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^ge
S File:

Run Date:
Run Time:
Title

Energy
(MeV)

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

TOTAL:

2
BUCET.MS4
September 14, 1997
7:58 p.m. Sunday

trachoe bucket

RESULTS FOR SEN
Activity

( photons/sec )

1.087e+009
2.005e+009
7.298e+008
4.724e+010
9.053e+006
5.550e+010
5.550e+010

1.621e+011

SITIVITY REFERENCE CASE
Energy Fluence Rate

(MeV/sq cm/sec)
No Buildup With Buildup
6.004e-061 2.410e-026
1.026e-058 4.518e-026
3.565e-042 1.980e-026
4.458e+001 1.693e+002
9.465e-003 3.529e-002
1.770e+002 5.260e+002
2.303e+002 6.472e+002

4.519e+002 1.343e+003

(Shield #2 = 2.54) =======
Exposure Rate In Air

(mR/hr)
No Buildup With BuilduF
5.OOle-063 2.007e-028
8.254e-061 3.636e-028
2.026e-044 1.125e-028
8.642e-002 3.282e-001
1.827e-005 6.814e-005
3.163e-001 9.400e-001
3.996e-001 1.123e+000

8.023e-001 2.391e+000

SENSITIVITY RESULTS For: Shield #2 (cm)
Case Sensitivity Energy Fluence Rate Exposure Rate In Air

Number Variable (MeV/sq ®/sec) (mR/hr)
Value No Buildup With Buildup No Buildup With Buildi:

1 0.0 1.368e+003 2.628e+003 2.441e+000 4.694e+000.
2 1.27 7.847e+002 1.909e+003 3.406e+OOC
3 2.54 4.519e+002 1.343e+003 8.023e-001 2.391e+00C

Use the Display Menu For Energy Group Results For All Cases.

•

C-11



BHI-01092
Rev. 1

Bechtel Hanford, Inc. CALCULATION SHEET
Nw

Originator Mike Wesselman 9Date 10/10/97 Ca1c. No. 100N-CA-V0004 Rev No 0
Project 100N CRIHS, RAWD Job No. 22192 Checked fP Date:10/10/97
Subject Dose Estimates for Workers Involved with Remediatinc 1301N & 1325N

Sheet No. 3 of 18

Workers Handline Hioh Dose Drums and B-25 Boxes

Modeling indicates that some of these items could read up to 790 mR/hr at one foot. Shielded
over pack drums and casks similar to those used on drilling operations at 200-BP-1 in 1990-91
will be employed to keep drum dose rates below 50 mR/hr at 12 inches.

The casks were constructed of 36-inch diameter schedule 40 pipe centered around a 22-inch
diameter piece of schedule 60 pipe with the space between the two pipes filled with grout. The
drum to be filled would be placed inside the 22-inch diameter pipe with a rigging strap attached.
The drum would be filled. capped and then rigged into a storage location. Highly radioactive
drums were stored inside 48-inch diameter concrete culverts with concrete lids placed over the
top.

Long tools may be employed while rigging B-25 Boxes to keep workers more than three feet
from the box at all times. Highly radioactive boxes will require shielding similar to that used for
the drums, probably constructed of plate steel. For these items rigging will be designed so that
only minirnal work is required near high dose items to connect, lift and disconnect the item. On
the calculation sheet a dose rate of 50 mR/hr is used to reflect time spent at three feet from the
container and as an ALARA goal for shielding purposes
Past work with the monoliths* for 100N basins and highly radioactive drums of soil at 200-BP-1
indicate this dose rate is achievable. Shielding and dose reduction techniques can be refined in
the design phase ofthe remediation.

* A monolith is a grouted cylinder ofhighly radioactive wastes. The monoliths produced at
100N were approximately 6feet tall and 3 feet in diameter. Dose rates on some surfaces were up
to 61Uhr.
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• MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page : 1 File Ref:
DOS File: B25SHLD.MS4 Date:
Run Date: September 18, 1997 - By:
Run Time: 1:43 p.m. Thursday Checked:
Duration: 0:00:44

Case Title: b-25 box with 1.5 uCi/cm of co-60 & cs-137, w/shield at 10

GEOMETRY 13 - Rectangular Volume
centimeters feet and inches

Dose.point coordinate X: 487.68 16.0 .0
Dose point coordinate Y: 76.2 2.0 6.0
Dose point coordinate Z: 76.2 2.0 6.0

Rectangular volume width : 116.84 ^ 3.0 10.0
Rectangular volume length: 182.88 6.0 .0
Rectangular volume height: 119.38 3.0 11.0

Shield 1: 0.9525 0.0 '-- .4
Shield 2: 6.0 0.0 2.4
Air Gap: 297.8475 9.0 9.3

Source Volume: 2.55088e+6 cm"3 90.0833 cu ft. 155664 cu in.

MATERIAL DENSITIES (g/cm-3)•
Material Source Shield 1 Shield 2 Air Gap

Shield Slab Slab
Air 0.00122
Concrete 1.6
Iron 7.86 7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 20
Z Direction 20

SOURCE NUCLIDES
Nuclide curies microCi/cm'3 Nuclide curies microCi/cm"3
Ba-137m 5.7905e+000 2.2700e+000 Co-60 6.1221e+000 2.4000e+000
Cs-137 6.1221e+000 2.4000e+000
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Page : 2
DOS File: B25SHLD.MS4
Run Date: September 18, 1997
Run Time: 1:43 p.m. Thursday
Title : b-25 box with 1.5 uCi/cm

Energy Activity
( MeV) (photons/sec

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

4.436e+009
8.184e+009
2.978e+009
1.928e+011
3.695e+007
2.265e+011
2.265e+011

TOTAL: 6.615e+011

of co-60 & cs-137, w/shield at 10 '

======== RESULTS =====
Energy Fluence Rate

(MeV/sq cm/sec)
No Buildup With Buildup
1.030e-161 7.156e-025
4.281e-156 1.342e-024
2.584e-110 5.880e-025
7.612e+001 5.799e+002
1.708e-002 1.263e-001
5.531e+002 2.823e+003
8.079e+002 3.766e+003

1.437e+003 7.169e+003

Exposure Rate In Air
(mR/hr)

No Buildup With Buildup
8.578e-164 5.961e-027
3.446e-158 1.080e-026
1.468e-112 3.34le-027
1.476e-001 1.124e+000
3.298e-005 2.438e-004
9.884e-001 5.045e+000
1.402e+000 6.533e+000

2.538e+000 1.270e+001
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MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page : 1 File Ref:
DOS File: NCRIB25.MS4 Date:
Run Date: September 18, 1997 By:
Run Time: 1:32 p.m. Thursday Checked:
Duration: 0:02:49

Case Title: b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9'

GEOMETRY 13

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:

Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

Shield 1:
Air Gap:

- Rectangular Volume
centimeters feet and inches

460.248 15.0 1.2
76.2 2.0. 6.0
76.2 2.0 6.0
116.84 3.0 10.0
182.88 6.0 .0
119.38 3.0 11.0

0.9525 0.0- '-- .4
276.4155 9.0 .8

Source Volume: 2.55088e+6 cm"3 90.0833 cu ft.

MATERIAL DENSITIES (g/cm'3)
Oaterial Source Shield 1 Air Gap

Shield Slab
Air 0.00122
Concrete 1.6
Iron 7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

INTEGRATION PARAMETERS

155664 cu in.

Quadrature Order
X Direction 10
Y Direction 20
Z Direction 20

SOURCE NUCLIDES
Nuclide curies microCi/cm'3 Nuclide curies microCi/cm'3
Ba-137m 5.7905e+000 2.2700e+000 Co-60 6.1221e+000 2.4000e+000
Cs-137 6.1221e+000 2.4000e+000
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Page : 2
DOS File: NCRIB25.MS4 . ^
Run Date: September 18, 1997
Run Time: 1:32 p.m. Thursday
Title : b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9

Energy
(MeV)

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

TOTAL:

Case
Number

1
2
3

RESULTS FOR SENSITIVITY REFERENCE CASE
Activity Energy Fluence Rate

(photons/sec ) (MeV/sq cm/sec)
No Buildup With Buildup

4.436e+009 7.743e-024 9.349e-024
8.184e+009 8.730e-023 9.845e-023
2.978e+009 1.982e-016 2.291e-016
1.928e+011 2.940e+003 7.595e+003
3.695e+007 6.108e-001 1.559e+000
2.265e+011 9.132e+003 2.019e+004
2.265e+011 1.133e+004 2.416e+004

6.615e+011 2.340e+004 5.195e+004

SENSITIVITY RESULTS For: X
Sensitivity Energy Fluence Rate
Variable (MeV/sq cm/sec)
Value No Buildup With Buildup
213.36 3.872e+005 8.923e+005
336.804 6.571e+004 1.442e+005
460.248 2.340e+004 5.195e+004

(X = 460.248) ======
Exposure Rate In Air

(mR/1
No Buildup
6.449e-026
7.026e-025
1.126e-018
5.699e+000
1.179e-003
1. 632e+001
1.965e+001

ir)
With Buildup
7.787e-026
7.923e-025
1.302e-018
1.472e+001
3.Olle-003
3.609e+001
4.192e+001

4.167e+001 9.273e+001

(cm)
Exposure Rate In Air

(mR/hr)
No Buildup With Buildup
6.891e+002 1.593e+003
1.170e+002 2.575e+0^
4.167e+001 9.273e+0

Use the Display Menu For Energy Group Results For All Cases.
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Bechtel Hanford, Inc.

Originator Mike Wesse

Project 100N CRIBS,
SubjectDose Estimate

Sheet No. 4 of 18

Exposures for Drivers

CALCULATION SHEET

bate 10/10/97 Calc. No.
Job No. 22192 Checked

Rev No 0
:10/10/97

Modeling shows that dose rates on the sides of B-25 boxes will be similar to dose rates on the
sides of RCI containers. Modeling also shows that dose rates decrease more quickly with
distance from a B-25 box than from a RCI container because B-25 boxes are smaller sources. If
three B-25 boxes were placed on a flatbed, the radiation emitted by them would be similar to that
emitted by one RCI container. It is assumed that fifty B-25 boxes of the most highly
contaminated waste would be shipped one container at a time to allow enoughshielding and
distance between the driver and the box to maintain dose rates ALARA. This assumption is
added to the cost of 1301-N crib. which is considered most likely to have wastes with high dose
rates .
A conservative estimate for the dose to a driver is calculated by the MICROSHIELD DOS file
"B25SHLD", which shows a driver can be exposed to 2.54 mR/hr when sitting in a shielded cab.
The dose to the driver during brief periods outside the cab can be obtained from MICROSHIELD
DOS file " NCRBB25" which calculates a dose of 41.7 mR/hr for a person 9 feet from an
unshielded B-25 box.
Assuming the driver spends 25 minutes to drive between 100N and ERDF. 45 seconds within 9
feet of the truck while entering data at the ERDF scales and another 10 minutes in the cab as the
B-25 boxes are off loaded. the average dose would be as follows:

(35 minsi35.66mins) x 2.54 mR/hr +(.66minsi35.66mins) 41.7mR/hr = 3.26 mR/hr

The value was rounded-up to 3.5 mrem/hr to allow for time for incidental activities outside of the
shielded cab. This value is higher than that used in the "100NR-1 Treatment, Storage, and
Disposal Units Corrective Measures Study (CMS) /Closure Plan" (DOE/rl-96-39) for work in
2001. There is no blending of the wastes put in the B-25 boxes and the CMS assumed a blend
ratio of five to one.

Waste LabelinQ and Container Stora¢e

Dose reduction for storage and labeling operations relies on quick entry and fast work at a
distance.
Workers are expected to spend about 5% of their time near items reading 50 mR/hr in options 3,
4 & 5. The rest of the time will be spent in areas at or near background. In option 2 workers will
spend all time in low dose areas.

Average dose rate in Options 3-5: .05 x 50 mR/hr = 2.5 mR/hr average dose rate
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Bechtel Hanford, Inc. ^rr CALCULATION SHEET

Originator Mike Wesselman Date 10/10/97 Caic. No. 100N-CA-V0004 Rev No 0
Project 100N CRZBS,RAWD Job No. 22192 Checked W Date 10/10/97
Subject Dose.EstimatesforWorkers Involved with Remediating 1301N & 1325N

Sheet No. 5 of 18

N-Cribs Altematives Studv. Time Frame by Case

Operation Case 2 Case 3 Case 4 Case 5
(days) (days) (days) (days)

Remove Panels and 43.9 43.9 43.9 43.9
Beams

Remove Concrete 14.5 14.5 14.5 14.5

Remove LLW soil 14.6 14.6 14.6 14.6
above Boulders

Remove Boulders 40.7 47.5 47.5 47.5

Remove High Dose 112.9 14.8 14.8 14.8
Soils 1301

Remove Mediuin Dose 100.8 100.8 100.8 115.5

Soils 1301

Remove High Dose 113.8 43.9 43.9 43.9
Soils 1325

Remove Medium Dose 88.1 .88.1 88.1 106.2
soils 1325

Total: 529.3 368.1 368.1 400.9
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Panel Removal Exposure Times
Panels removed in all options. table below contains all assumptions and estimates. Exposure
rates based on the 1995 Man Carried Radiological Detection System (MRDS) survey (File ID 9's
1325C826.dw2 & 1301C826.dwg)' --

Panel Removal Exposure Estimates
Panels removed in all options. Table contains all estimates.

Task

Install rigging on
^ panels

Riggers for lift

Crane operator

Truck driver

Install straps on
beams
Dust
suppression

Crew Hours Average
Duration Dose rate

mR/hr
2 120 10

2 285 2.5

1 285 1

1 385 0.3

1 100 10

1 385 1

Dose(mremltask) doselcrew

Total

member

2400 1200.

1425 712.5

285 285

115.5 115.5

1000 1000

385 385

5611

O_ption 1 Exposure Times

Option one was dropped from consideration by the project because it was undesirable.

C-19



BHI-01092

Bechtel Hanford, Inc. CALCULATION SHEET
Rev. 1

Originator Mike Wesselmanu Date 10/10/97 Ca1c. No. 100N-CA-V0004 Rev No 0
Project 100N CRIBS,R:,WD Job No. 22192 Checked F/ Date 10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. 7 of 18

Ootion 2 EUosure Times

Case 2 Total Time 529.3 Davs

Remove Boulders - 40.7 Days

Remove Concrete - 14.5 Days

Remove Panels - 43.9 Days

Remaining Days 430.2 Days

Install Liners ^
2 hrs/day x 430 days = 860 hours.

Liners are installed near stockpile of wastes used for blending. Dose rates near this pile
should be .1 mR/hr. This will account for other work in elevated background even if liners
installed in background area.

Boulder Forklift. (See Remove Boulders above)
40.7 days X 3.5 hrs/day = 133 hours.

Dose rate will be 3.5 mR/hr

Stockvile Track hoe
High dose only High dose 1301 112.9 days

HiQh dose 1325 113.8 days
226.7 days

Operator exposed 40 minutes a day. x .66 hrs/dav
149.6hrs =150 hrs

Operator will take about one minute to cover highly contaminated wastes. Exposure rate will
average 1 mR/hr during this operation. Based on Operator being 30 feet from one cubic riieter ^
of high level wastes.
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Water Truck. see "Total Time" above.

Operator is in area 3.0 hours/day every day.

Total days = 529.3 x 3.0 hrs/day = 1587.9

__ 1588 hours.

Dose rate will be . 1 mR/hr.

Excavation Track hoe
Operator will be near edge for 3.0 hrs/day everv day.

Also 1588 hours.

Dose rate will be 3.5 mR/hr

BHI-01092
Rev. 1

Rev No 0

Excavation Truck Driver
Will require more time in area since must stop at two trackhoes for half of week.

Should average 3 hrs/day in area = 1588 hours

Should spend 50% of time in elevated dose area and 50% of time in low dose area.
Average dose rate will be .5(3.5 mR/hr) +.5(.ImR/hr) = 1.8 mR/hr

RCT's at 100-N
Will either be near excavation or surveying containers. With proper rotation, an average low

dose rate can be used but exposure time is 6.5 hrs/day.
6.5 hrs/day x 529.3 days = 3,441 hours.

Dose rate will average.1mR/hr.

Laborer -will have similar duties, securing B-25s, sealings RCI containers.

Also, 3,441 hours exposure time.

Dose rate will average . 1 mR/hr

Waste Labeling - Approximately 40 minutes a day to apply shipping papers:

529.3 days x.66 hrs/day = 349.34 hrs = 350 hours.

Dose rate will average. 1 mR/hr

RCI Drivers 3 hours per day x 529.3 days = 1587.9 hours = 1588 hrs.

Most waste will be low dose.
Haul Concrete and Boulders (40.7 + 14.5 days)/ 529.3 days x 100% =10.4 % of time

Average dose = :104 (3.5 mR/hr) + .896 (.1 mR/br) = .454 mR/hr = .5 mR/hr
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ERDF RCT's - 3 hours a day x total days
3 hrs/day x 529.3 days = 1587.9 - 1588 hours
Dose rate will be .1 mR/hr

ERDF Dozer Same as RCT's.

Calc. No. 100N-CA-V0004 Rev No 0
Checked M Date 10/10/97

ERDF Ri¢eers should spend less than 15 mins/day near high dose rate boulder boxes.

40 x.25 = 10 hours
Dose rate will be 50 mR/hr

ERDF Crane .
3.5 hrs/dav x 40 davs = 140 hours
Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30 feet

from wastes.
Average dose will be .5( 3.5mR/hr) +.5(.1 mR/hr) =1.8 mR/hr

ERDF laborers Crew will rotate on high dose work.
Exposure time will be at dump phase of low level ( see calculation for installing liner) waste.

1.5 minutes/container x 40 containers/day = 1 hr/day x 430.2days = 430.2 hours.

Dose rate will be.1 mR/hr

ERDF Comvaction Test . Worker can minimize time on wastes, still receives dose from " shine

through overburden. One test a day on loose soils
430.2 days x 7 min/test x 1 hr/60min = 50.2 hours testing

Dose rate will be . 1 mR/hr

ERDF Storaee -
Worker will spend about 5 minutes a day inspecting container storage area.

529.3 days x 5 min/day x lhr/60min = 44.1 hrs. Dose rate will average .1 mR/hr
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Option 2 Exposure Estimates

Task Crew Hours Average Dose(mrem/task) dose/crew member

Duration Dose rate
mR/hr

Boulder Forklift 1 133 3.5 465.5 465.5

Stockpile Track hoe 1 150 1 .150. 150

Liner Install 2 860 0.1 172 86
Water Truck 1 1,588 0.1 158.8 158.8

Excavation Track 1 1,588 3.5 5558 5558

hoe
N Truck Driver 2 1,588 1.8 5716.8 2858.4

NRCTS 4 3,441 0.1 1376.4 344.1

Laborers 2 3,441 0.1 688.2 344.1

Waste Label 1 350 0.1 35 35^
0 0

RCI Drivers 4 1588 0.5 3176 794
ERDF RCTS 4 1588 0.1 635.2 158.8
ERDF DOZER 1 1588 0.1 158.8 158.8

Riggers (B-25's) _ 1 10 50 500 500

ERDF Crane 1 140 1.8 252 252

ERDF Laborers 2 430.2 0.1 86.04 43.02

Compaction Test 1 50.2 0.1 5.02 . 5.02

Panels & Beams 5610 0

Storage 1 44.1 0.1 4.41 4.41

Total 24748 mrem
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Option 3 Exposure Time Estimates

Forklift Operator for Boulders and Hot Fill

Remove boulders

High Dose 1301

High Dose 1327

TOTAL

Dose rate will be 3.5 mR/hr

40.7 days x 3 hrs/dav = 122.1 hrs-

112.9 days x 3 hrs/day = 338.7 hrs

113.8 davs x 3 hrs/dav = 341.4 hrs

267.5 days x 3 hrs/day = 802.2 hrs

B-25 Truck Drivers each spend half as much time as forklift operator = 401.1

Dose rate will be 3.5 mR/hr

BHI-01092
Rev. 1

Rev No 0

Water Truck = 368.1 days x 3 hr/day = 1104 hrs. Dose rate will be . 1 mR/hr

Track hoe - stays behind shield half the time plus dose averages down at 1325.
368.1 days x 3 hr/da}• = 1104 hrs. Dose rate will be 3.5 mR/hr

Truck Drivers for RCI containers - only for medium dose (MD)

MD 1301 = 100.8 days x 1.5 hr/day = 151.2 his.

MD 1325 = 113.8 days x 1.5 hr/day = 170.7 hrs.

214.6 days x 1.5 hr/day = 321.9 hrs.

Dose rate will be. 1 mR/hr

RCT's at 100N Cribs - will stay in low dose or behind shielding, will work near excavation

10% time, survey out containers, and 90% time for entire project.

368.1 days x 3 hr/day = 1104 hrs.

Will spend 10% oftime near high dose rate=wastes and 90% of time in low dose areas.

Average dose will be.1 (3.5mR/hr) +.9 (.1 mR/hr) = .44mR/hr

.
.Laborers at 100N Cribs - same as RCTs ,1104 his.

Duties will be in same areas as RCT's. Average dose rate will be .44 mR/hr
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Waste Labelin2 - Total time minus time to remove panels. Panels will have no dose rates.

368.1 days - 43.9 days = 324 days
Time near hieh dose items will be 5% of total time.
3.5 hrs/day x 60 min/hr x 5% of time = 10.5 min =.175 hrs.
324 days x .175 hrs/day = 56.7 hrs.
Dose will averase 2.5 mR/hr

RCI Drivers - lower level wastes only
Total 368.1 days
-High dose 1325 -113.8 days
-High dose 1301 -100.8 days
-High dose boulders -40.7 days

112.8 days
- Concrete - 14.5 days

98.3 days = 99 days
X 3.25 hr/day

321.75 hrs
Dose rate will be .1 mR/hr.

RCI B-25 Approximately 8600 boxes hauled 3 at a time = 2867 trips = 4 drivers = 717

trips/driver -
Driver is in dose for 30 min/trip = 358.5 hours
Dose rate will be 3.5 mR/hr

ERDF RCTs and Dozer Majority of time in low dose areas.
Average dose will be = .1mR/hr

Crane operator - is exposed for about 5 minutes per box for 8600 boxes

8600 x .083 = 713.8 hrs.
Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30

feet from wastes.
Average dose will be .5(3.5mR/hr) +.5(.1 mR/hr) = 1.8 mR/hr

ERDF Riggers - are exposed about the same amount of time as the crane operator is

= 718.3 hours

Average dose rate will be similar to that for waste labeling 2.5 mR/hr

ERDF Laborers - same as RCTs -1104 hrs,.1 mR/hr
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Compaction TestinQ - Will not be exposed to B-25 boxes.
368.1 davs x 7min/test x 1 hr/60min = 42.94 hrs =_ 43 hrs.
Dose rate will be .1 mR/hr

ERDF StoraQe -
Worker will spend about 5 minutes a day inspecting container storage area.

368.1 days x 5 min/day x 1 hr/60min = 30.67 hrs =_ 31 hrs
Average dose rate will be 2.5 mR/hr --

Option 3 E2;posure Estimates

Task Crew Hours Duration Average Dose(mrem/task) dose/crew
Dose rate member
mR/hr

B25 forklift 1 802.2 3.5 2807.7 2807.7

B25 truck 2 401.1 3.5 2807.7 1403.85
Water truck 1 1104 0.1 110.4 110.4
Track hoe _ 1 1104 3.5 3864 3864
N truck driver 2 321.9 0.1 64.38 32.19
NRCTS 4 1104 0.44 1943.04 485.76
Laborers 4 1104 0.44 1943.04 485.76
Waste labeling 1 56.7 2.5 141.75 141.75
RCI Drivers 4 321.75 0.1 128.7 32.175
RCI B25 drivers 4 358.5 3.5 5019 1254.75
ERDF RCTS 4 1104 0.1 441.6 110.4
ERDFDOZER 1 1104 0.1 110.4 110.4
crane operator 1 713.8 1.8 1284.84 1284.84
ERDF Riggers 1 713.8 2.5 1784.5 1784.5
ERDF Laborers 2 1104 0.1 220.8 110.4
Compaction test 1 53.65 0.1 5.365 5.365
Storage 1 31 2.5 77.5 77.5
Panels & Beams 5610

Total 28365 mrem

41
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Option 4 Worker Exposure Time Estimates

BHI-01092
Rev. 1

Rev No 0
10/10/97

Same as Option 3, except there is no compaction test and no bulldozer at waste management.
Did not account for additional time that may be required to package, label and document
waste to waste management's specifications.

Qption 4 Worker Exposure Estimates

Task Crew Hours Average Dose(mrem/task) dose/crew member
Duration Dose rate

mR/hr
B25 Forklift 1 802.2 3.5 2807.7 2807.7
B25 Truck 2 401.1 3.5 2807.7 1403.85
Water Truck 1 1104 0.1 110.4 110.4
Track hoe 1 1104 3.5 3864 3864

. N Truck Driver 2 321.9 0.1 64.38 32.19
NRCTS 4 1104 0.44 1943.04 485.76
Waste Label 1 56.7 2.5 141.75 141.75
Laborers 4 1104 0.44 1943.04 485.76
RCI Drivers 4 321.75 0.1 128.7 32.175
RCI B25 Drivers 4 358.5 3.5 5019 1254.75
WM HPTs 4 1104 0.1 441.6 110.4
Crane Operator 1 713.8 1.8 1284.84 1284.84
WM Riggers 1 713.8 2.5 1784.5 1784.5
WM Burial 2 1104 0.1 220.8 110.4
Storage 1 31 2.5 77.5 77.5
Panels & Beams 5610
Total 28249 mrem
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O_ption 5 Exposure Times
Forklift for B-25 present for all but panel a concrete beam removal therefore
400.9 days
- 14.6 days
- 14.5 days
- 43.9 days
327.9 days at 3/hr/day = 983.7 hours
Dose rate will averaee 3.5 mR/hr.

B-25 Truck exposed % as much as forklift.
983.7 hrs = 2 = 491.85 hrs = 492 hours.
Dose rate will avern2e 3.5 mR/hr

Water Truck - 3 hr/day x 400 days = 1200 hours
Dose rate will average . 1 mR/hr

Track hoe same as forklift = 983.7 hours
Dose rate will average 3.5 mR/hr

N Truck Driver -%2 as much as forklift = 492 hours
Half of boxed wastes vvill be medium and low dose wastes in this option
Dose rate will average 1.8 mR/hr

BHI-01092
Rev. I

Rev No 0

RCTs-will use shielding and distance but still exposures will be higher. 983.7 hours
RCT will spend 50% of time near.high dose rate waste and 50% of time in low dose areas.
Average dose will be .5(3.5mR/hr) +.5(.1 mR/hr) = 1.8 mR/hr

N Laborers - will assist securing loads and with surveys and packaging. Will average about

1/2 workday near wastes.
327.9 days x 3.0 hr/day = 983.7
Average dose rate will also be 1.8 mR/hr.

Waste labeline will be limited to 15 min/day . 400 days x .25 hr/day = 100 hours
Dose rate will average 2.5 mR/hr

RCI Drivers - exposed V2 as much as 100N Drivers = 245 hours
Half of boxed wastes will be medium and low dose wastes in this option.
Dose rate will average 1.8 mR/hr

ERDF RCT's will be exposed slightly more than in a typical low dose situation because of
surveys performed on B-25 boxes. = 492 hours
Dose rate will averase .44 mR/hr
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ERDF Rie2ers same as B-25 truck drivers at 100N = 492 hours

Dose rate will average 2.5 mR/hr

Storaee - 400 days x 5 min/day x 1 hr/60 min = 33.3 hrs.
Dose rate will average 2.5 mR/hr

Option 5 Exposure Estimates

Task Crew Hours Average Dose
Duration rate mR/hr

B25 Forklift 1 983.7 3.5
B25 Truck 2 492 3.5
Water Truck 1 1200 0.1
Track hoe 1 983.7 3.5^
N truck driver 2 492 1.8
NRCTS 4 983.7 1.8
Laborers 4 983.7 1.8
Waste Label 1 100 2.5
RCI B25 drivers 4 245 1.8
ERDF RCTS 4 492 0.44
ERDF Riggers 1 492 2.5
ERDF Crane 1 492 0.1
Storage 4 100 2.5
Panels & Beams

Total

Dose(mrem/task) dose/crew
member

3442.95 3442.95
3444 1722
120 120

3442.95 3442.95
1771.2 1771.2

7082.64 1770.66
7082.64 1770.66

250 250
1764 441

865.92 216.48
1230 1230
49.2 . 49.2
1000 250
5610 0

37156 mrem
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TRU-Drum Exposure Times

Drum handler : 20 drums/hour for 1000 drums = 50 hours
Dose rate will be 50 mR/hr
Forkli8: Handles drum 3 times, during fill. during lidding and during loading.
150 hours with drum on board
150 hours empty
25 hours stand-by = 325 hours
Dose rate will be 3.5 mR/br
Track hoe can only go as fast as forklift = 325 hours
Dose will be 3.5 mR/hr
N Truck Driver - same = 325 hours
Dose rate will be 3.5 Mr/hr
RCTs = 325 hours, Dose rate will be.44.mR/hr

Laborers = 325 hours, Dose rate will be .44mR/hr

Waste label 15 min/day for 48 days = 12 hours, Dose rate will be 2.5 mR/hr.

RCI Drivers - 2 hr/day for 48 days = 96 , or - 100 hours, Dose rate will be 3.5 mR/hr

Waste Manaeement (WMl HPT's - will need to stand by for about 1/3 of transport time, 30
hours. Dose rate will be same as for RCT's .44 mR/hr

WM RiQSers - will take a little more than `/z as long to unload as to load. 175 hours
Dose rate will average 2.5 mR/hr

WM Crane- Same duration as riggers, 175 hours. Dose rate will be, .1 mR/hr

Receipt Inspection for TRU- similar to HPT duties. 30 hours, Dose rate willbe. 1 mR/hr

Wastes stora¢e- TRU is not buried, waste will be inspected about 12 hours a year.
Dose rate will be .1 mR/hr
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TRU- Drum Dose Estimate

Task Crew Hours Average Dose(mrem/task) dose/crew member
Duration Dose rate

mR/hr
Drum 1 50 50 2500 2500
Handling
Forklift 1 325 3.5 1137.5 , a 137.5
Track hoe 1 325 3.5 1137.5 1137.5
N Truck driver 2 325 3.5 2275 1137.5
NRCTS 4 325 0.44 572 143
Laborers 2 325 0.44 286 143
Waste Label 1 12 2.5 30 30
RCI drivers 4 100 3.5 1400 350
WM HPT's 1 30 0.44 13.2 13.2
WM Crane 1 175 0.1 17.5 17.5^
WM Riggers 1 175 2.5 437.5 437.5
WM 1 30 0.1 . 3 3
Receiving
Storage 1 12 2.5 30 30

Total 9879 mrem

C-31



g1-9-ol 092
Rev. 1

THIS PAGE INTENTIONALLY
LEFT BLANK

C-32
0



_• APPENDIX D

REMEDIATION OPTION COST SUMMARY

D-i



THIS pqGS^NrB
LE^?B^qNT^

D-ii



Table D-1. Option 2

Item Item Description
Equipment

$ Materials $ Labor $ S/C $
Subtotal

Direct
Distribs
25%

Ilome
Office
3.00%

Profit

5.00%

B&O
Tax

0.47% 'fotal Bid $

Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158 $14,424 $24,761 $2,444 $522,418

Remove Iligh Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309

Remove LLW Conerete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

Remove LLW Soil above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib $45,489 $3,248,223 $61,098 $8,385 $3,363,195 $840,799 $126,120 $216,506 $21,369 $4,567,988

High Dose Soil 1301 Crib & Trench $290,499 $232,068 $262,995 $150,106 $935,669 $233,917 $35,088 $60,234 $5,945 $1,270,852

High Dose Soil 1325 Crib & Trench $291,548 $234,463 $266,963 $147,324 $940,298 $235,075 $35,261 $60,532 $5,974 $1,277,140

MediumDoseSoi11301Crib&Trcnch $176,165 $122,709 $159,755 $6,565 $465,194 $116,299 $17,445 $29,947 $2,956 $631,841

Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730 $102,433 $15,365 $26,376 $2,603 $556,508

Excavate Clean Overburden 1301 $13,866 $ $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590

Excavate Clean Overburden 1325.-,
$6,941 $ $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

SupportFunclions $17,488 $201,486 $1,529,808 $ $1,748,782 $437,195 $65,579 $112,578 $11,111 $2,375,246

Mobilization/Demobilization $26,404 $248,912 $4,805 $118,000 $398,121 $99,530 $14,930 $25,629 $2,530 $540,739

Subtotals: $1,089,431 $4,552,900 $2,703,202 $486,280 $8,831,813 $2,207,953 $331,193 $568,548 $56,116 $11,995,622

ERDFDisposal $192,946. $ $ $17,269,694 $17,462,641 $17,462,641

ERC Support $ $ $2,045,615 $500,000 $2,545,615 $2,545,615

Subtotal $32,003,878

Option 2: Blend lower dose materials (LLW from 100 H & F) with materials from 1301 Crib & Trench and Di rect Distribs @ 18.49% $5,917,517

1325 Crib & Trench to lower dose rate to allow free dumping at ERDF with modified operations at ERDF.
Subtotal $37 921 395

High dose soil (top I foot) blended at 25 :1. Assu me blended with 2 feet of shield ing on top and the LLW
, ,

materials. Medium dose soil (nexl4 feet) blended at 1.2:1 . Assume blended with I foot of shielding on top G&A @ 3.89"/0 $1,475,142
and 3.8 feet of material beneath the Medium dose layer.

'I'OTAL: $39,396,538
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Table D-2. Option 3

I tem Item Description
Equipment

$ Materials $ Labor $ S/CS
Subtotal
Direct

Dlslribs
25%

Ilome
Office
3.00%

Profit
5.00%

B&O
Tax

0.47% Total Bid $

Remove Panels & Beams $33,230 $G2,490 $239,382 $49,530 $384,632 $96,158 $14,424 $24,761 $2,444 $522,418

Remove High Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309

Remove LLW Concrete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

Remove LLW soil above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib $53,069 $3,789,035 $71,265 $9,360 $3,922,729 $980,682 $147,102 $252,526 $24,924 $5,327,964

High Dose Soil 1301 Crib & Trench $18,001 $1,181,852 $23,101 $2,925 $1,225,880 $306,470 $45,970 $78,916 $7,789 $1,665,025

High Dose Soil 1325 Crib & Trench $56,929 $3,505,780 $71,508 $8,580 $3,642,797 $910,699 $136,605 $234,505 $23,146 $4,947,751

Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 $6,565 $465,194 $116,299 $17,445 $29,947 $2,956 $631,841

Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730 $102,433 $15,365 $26,376 $2,603 $556,508

Excavate Clean Overburden 1301 $13,866 $ $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590

Excavate Clean Overburden 1325 $6,941 $ $3,966 S $10,907 $2,727 $409 $702 $69 $14,814

Support Functions $12,1G2 $120,8G3 $945,715 $ $1,078,740 $269,G85 $40,453 $G9,444 $G,854 $1,465,176

Mobilization/Demobilization $23,125 $246,447 $4,5G5 $118,000 $392,136 $98,034 $14,705 $25,244 $2,492 $532,611

Subtotals: $581,287 $9,231,726 $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 $753,704 $74,391 $15,902,184

ERDF Disposal $457,496 $ $ $8,369,833 $8,827,329 $8,827,329

ERC Support $ $ $1,422,617 $500,000 $1,922,G17 $1,922,617

Subtotal $26,652,129

Option 3: Containerized shipmenls of High dose materials to ERDF with blending of Medium dose materials Di rect Dislribs @ 18.49% $4,927,979

for free dumping with modified operations at ERDF. High dose materials (top I foot + shielding)
Subtotal $31 580 108

containerized in B-25 boxes and shipped to ERDF Medium dose soil (next 4 feet) blended at 1.2:1. Assume , ,

blended with I foot of shielding on top and 3.8 feet LLW material beneath the medium dose layer and shipped

to ERDF.

G&A @ 3 89% $1,228,466

TOTAL: $32,808,574
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'1'able D-3. Option 4

Equipment

Item Item Description $ Materials$ Labor $ S/C S
Subtotal
Direct

Distribs
25%

Home
Office
3.00%

Profil
5.00%

B&O
Tax

0.47% Total Bid $

Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158 $14,424 $24,761 $2,444 $522,418

RemovellighDoseConcrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309

Remove LLW Concrete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

RemoveLLWSoiiAboveBoulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib $53,069 $3,789,035 $71,265 $9,360 $3,922,729 $980,682 $147,102 $252,526 $24,924 $5,327,964

HighDoseSoi11301Crib&Trench $18,001 $1,181,852 $23,101 $2,925 $1,225,880 $306,470 $45,970 $78,916 $7,789 $1,665,025

High Dose Soil 1325 Crib & Trench $56,929 $3,505,780 $71,508 $8,580 $3,642,797 $910,699 $136,605 $234,505 $23,146 $4,947,751

MediumDoseSoi11301Crib&Trench $176,165 $122,709 $159,755 $6,565 $465,194 $116,299 $17,445 $29,947 $2,956 $631,841

Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730 $102,433 $15,365 $26,376 $2,603 $556,508

Excavate Clean Overburden 1301 $13,866 $ $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590

Excavate Clean Overburden 1325 $6,941 $ $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

W Support Functions $12,162 $120,863 $945,715 $ $1,078,740 $269,685 $40,453 $69,444 $6,854 $1,465,176

Mobilization/Demobilization $23,125 $246,447 $4,565 $118,000 $392,136 $98,034 $14,705 $25,244 $2,492 $532,611

Subtotals: $581,287 $9,231,726 $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 $753,704 $74,391 $15,902,184

ERDF Disposal $24,199 $ $ $19,299,850 $19,324,049 $19,324,049

ERCSupport $ $ $1,422,617 $500,000 $1,922,617 $1,922,617

Subtotal: $37,148,850

Option 4: Containerized shipments of High dose materials to Was te Management (RFSH) and blending of Di rect Distribs @ 18.49"/0 $6,868,822

Medium dose materials for free dumping with modified operations at 6RDF. High dose materials (top I foot + Subtotal: $44,017,672
shielding) containerized in B-25 boxes and shipped to RFSH. Medium dose soil (next 4 feet) blended at 1.2:1.

Assume blended with I foot of shielding on top and 3. 8 feet LLW material beneath the medium dose layer and G&A r,D 3.89"/0 $1,712,287

shipped to ERDF.

TOTAL: $45,729,959
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Table D-4. Option 5

B&O
Equipment Subtotal Distribs Profit Tax

Item Description $ Materials $ Labor $ S/C $ Direct 25% Item 5.00% 0.47% Total Bid S

Remove Panels & Beams $33,230 $62,490

Remove High Dose Concrete $2,657 $78,180

Remove LLW Concrete $16,994 $534

remove LLW Soils Above Boulders $12,392 $16,602

Remove Boulders 1301 Crib $53,069 $3,789,035

High Dose Soil 1301 Crib & Trench $18,001 $1,181,852

High Dose Soil 1325 Crib & Trench $56,929 $3,505,780

Medium Dose Soil 1301 Crib & Trench $131,462 $9,216,223

Medium Dose Soil 1325 Crib & Trench $122,546 $8,474,722

Excavate Clean Overburden 1301, $13,866 $

Excavate Clean Overburden 1325 $6,941 $

AL Support Functions $13,246 $131,626

Mobilization/Demobilization $23,125 $246,447

Subtotals: $504,457 $26,703,491

ERDFDisposal $1,352,562 $

ERC Support $ $

$239,382 $49,530 $384,632 $96,158 $14,424 $24,761 $2,444 $522,418

$2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309

$10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

$12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

$71,265 $9,360 $3,922,729 $980,682 $147,102 $252,526 $24,924 $5,327,964

$23,101 $2,925 $1,225,880 $306,470 $45,970 $78,916 $7,789 $1,665,025

$71,508 $8,580 $3,642,797 $910,699 $136,605 $234,505 $23,146 $4,947,751

$174,964 $22,620 $9,545,269 $2,386,317 $357,948 $614,477 $60,649 $12,964,659

$162,128 $20,865 $8,780,261 $2,195,065 $329,260 $565,229 $55,788 $11,925,603

$7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590

$3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

$927,284 $ $1,072,155 $268,039 $40,206 $69,020 $6,812 $1,456,232

$4,565 $118,000 $392,136 $98,034 $14,705 $25,244 $2,492 $532,611

$1,711,636 $232,465 $29,152,049 $7,288,012 $1,093,202 $1,876,663 $39,595,153
$185,227

$ $6,457,884 $7,810,446

$1,549,381 $500,000 $2,049,381

Option 5: Containcrized shipments of both High dose and Medium dose materials to ERDF with modified
operations at ERDF. High dose materials (top I foot + shielding) containerized in B-25 boxes and shipped to
ERDF. Medium dose soil (next 4 feet) containerized in B-25 boxes and shipped to ERDF.

Direct Disiribs @ 18.49^/0

$7,810,446

$2,049,381

Subtotal $49,454,980

$9,144,226

Siibtotal $58,599,206

G&A @ 3.89^/0 $2,279,509

TOTAL: $60,878,715
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APPENDIX E

ADDENDUM TO THE 100-NR-1 TREATMENT, STORAGE, AND DISPOSAL UNITS
ENGINEERING STUDY
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E1.0 INTRODUCTION

E1.1 PURPOSE

The 116-N-1 (1301-N) and 116-N-3 (1325-N) liquid waste disposal facilities (LWDFs) are to be

remediated beginning in July 2000 under the Comprehensive Environmental Response,

Compensation, and Liability Act of1980 and closed under the Resource Conservation and

Recovery Act of1976 (RCRA). Each LWDF consists of a crib and a trench. Under the proposed

remedial action (DOE-RL 1998a and 1998b), pipelines and aboveground structures would be

removed. Clean overburden material would be excavated and stockpiled. Contaminated soils

would be excavated, treated (if required to meet RCRA land disposal restrictions) and disposed

at the Environmental Restoration Disposal Facility (ERDF). The sites would then be backfilled,

graded, and revegetated.

Revision 0 of the engineering study (BHI 1997a) evaluated various methods for excavation,

transportation, and disposal of contaminated material at the ERDF and focused on radiation

exposure and safety hazards. The 1997 engineering study also developed and compared options

to implement the preferred alternative and recommended a preferred option based on cost and

total dose to workers. Additional sampling of crib and trench soils was also recommended to

better define the design approach and to significantly reduce cost estimates. The recommended

sampling was performed in December 1998.

The purpose of this appendix is to re-evaluate the approach and costs to remediate the 116-N-1

and 116-N-3 LWDFs presented in the 1997 engineering study. The re-evaluation is based on

analytical results for soil sampling performed at the 116-N-1 and 11 6-N-3 sites during

December 1998. The results of the sampling are presented in a data summary report (BHI 1999).

E1.2 BACKGROUND

Previous characterization studies indicated that a 1.5-m-thick contaminated soil layer exists

below the bottom of the 116-N-1 and 116-N-3 LWDFs. This layer is contaminated with

plutonium-239/240 and other radioisotopes and, if not remediated, would pose an unacceptable

risk through direct human exposure if future excavations reached the depth of this layer.

Therefore, this layer will be removed.

An engineering study (BHI 1997a) developed and evaluated various options to excavate and

dispose of the waste from the 116-N-1 and 1 16-N-3 cribs and trenches. The engineering study

used conservative estimates of radioactive contamination levels and dose rates derived from

earlier characterization activities. These data were used to construct conceptual models of the

contaminated sites. The conceptual models assumed that the upper 0.30 m of contaminated soil

layer contained the bulk of the contamination and was referred to as the high-activity layer. The

lower 1.2-m contaminated layer was assumed to contain lesser amounts of activity and was

referred to as the low-activity layer.

The ERDF waste acceptance criteria (BHI 1998a) established levels of radioactivity in soil that
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could be deposited in the ERDF based on land disposal restrictions. Supplemental waste
acceptance criteria (BHI 1997b) were developed for non-soil items to ensure that ERDF workers
were not unduly exposed to radioactive material. However, no limits were developed for soil to
ensure worker protection.

Because there were no established radioactivity limits for ERDF operations, the engineering

study (BHI 1997a) developed these limits. The engineering study determined that alpha-emitting

airborne concentrations would be the limiting operating factor for disposing 116-N-1 and
116-N-3 crib and trench waste at the ERDF. The engineering study postulated that under the

worst conditions, an ERDF worker would inhale dust at a concentration of 600 µg/m' for

500 hr/yr (based on studies that have shown that standard construction work can produce a dust
loading of this magnitude). At this dust level a concentration of 270 pCi/g of plutonium-239/240
would result in an airborne level that is 9% of a derived airborne concentration and deliver
100 mrem/yr of dose to the worker. Therefore, the 270-pCi/g limit was used by the engineering

study for existing ERDF operations that are similar to standard construction operations.

The engineering study considered another option for ERDF operations that would require
increased dust control measures, strategic placement of waste at the ERDF and workers handling

this material, increased coordination of all other waste delivered to the ERDF, increased

monitoring of dust loading, and containerization of high-activity material. These measures
would effectively raise the allowable plutonium-239/240 soil concentration limit from 270 to

2,000 pCi/g.

The engineering study developed and evaluated five options to excavate and dispose of the waste
from the 116-N-1 and 116-N-3 cribs and trenches. These options are described below.

Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Transuranic Soil
ConcentratiQn Limit. This mixing would reduce soil concentrations to address airborne

contamination dose to workers at the ERDF. It was assumed that lower activity material

from other sites and onsite materials from crib/trench excavation operations would be
used for mixing to meet this limit. This option was not carried forward for evaluation in
the engineering study because of an unfavorable value engineering ranking.

Option 2: Increase Transuranic Soil Concentration Limit to 2,000 pCi/g. This
option would introduce operational controls for airborne contamination at the ERDF so
ERDF soil concentration limits could be increased to 2,000 pCi/g for transuranic (TRU)
elements. The increased limit would lessen the amount of mixing that would be required.

Option 3: Containerize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit. This option would package the higher activity
material in B-25 boxes for shipment to the ERDF. Containing the high-activity waste in
B-25 boxes would eliminate the potential for airborne contamination; however, dose
considerations would still need to be addressed. The lower activity material would be
mixed to achieve a volume that would decrease the potential for airborne contamination
and would be placed in existing ERDF containers (RCI containers). •
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Option 4: Containerize (Package) the High-Activity Material for Shipment to

Waste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil

Concentration Limit. This option is the same as Option 3, except that the high-activity

waste contained in the B-25 boxes would be shipped to the Central Waste Complex while

the lower activity material would be shielded, excavated, mixed, and shipped to the

ERDF.

Option 5: Containerize (Package) All Material. This option would contain all waste

in B-25 boxes (both high and low activity waste) for shipment to the ERDF.

All options had the following common elements:

Excavation. In all cases, excavation would be accomplished using a hydraulic excavator

equipped with an extended-reach boom. Side-slope benching along the trench would be

performed, as necessary, to position the excavator. Excavation would begin at the side of

the trench andlor crib and material would be removed from the bottom and side slope.

When the reach of the boom is exceeded, soil cover would be placed on top of the

exposed surfaces to provide a clean surface for the excavator to relocate to continue

removing material. Excavated material would be placed and packaged in either ERDF

roll-on/roll-off containers or B-25 boxes, depending upon the option. These containers

would be staged for transport to ERDF.

Concrete Panels, Structural Supports, and Large Debris. These types of debris would

be removed and surveyed for contamination. Material not directly in contact with the

soils of the trench would be surveyed and decontaminated, as required (reasonable

determination made in the field), and clean material would be staged for alternate

disposal. Contaminated material would be sized in accordance with ERDF bulk waste

supplemental criteria and transported to the ERDF for disposal. Smaller concrete

material and debris in contact with the soils or requiring significant decontamination

efforts would be removed by the excavator and placed in the appropriate package or

container for disposal at the ERDF.

Cobbles and Boulders in the 116-N-1 Crib. Cobble and boulder layers comprise the

upper most region of the 116-N-1 crib area to be remediated. The cobble layer was

considered to have low levels of activity and would be excavated into roll-on/roll-off

containers and transported to the ERDF. High-activity material would be packaged

directly into containers (B-25 boxes) without blending or would be proportionally

blended with low-level soil into roll-on/roll-off containers.

The remediation options were evaluated based upon a number of criteria, including life-cycle

cost, the ability to control the spread of radioactive contamination, worker safety, and worker

radiation exposure. Option 3 was the preferred option based on cost and total dose to workers.

The evaluation criteria were strongly influenced by the assumed volumes and activity levels of

contaminated soil layer. Consequently, the engineering study recommended that additional

sampling be performed in conjunction with remedial design to better define the nature and extent

of the waste. The new data would be used to better define the design approach.
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The recommended sampling was conducted in December 1998 (BHI 1998b and BHI 1999). .
Eight soil samples were collected from each of the LWDFs. A test pit was excavated in each of
the trenches, and four samples were obtained from each test pit. Additionally, four samples were

collected from the surface soils at the 116-N-1 Trench, and four samples were collected from the

surface soils at the 116-N-3 Crib. All samples were analyzed for radionuclides and toxic
characteristic leaching procedure (TCLP) metals. The results of the characterization effort are
summarized in the Data Summary Reportfor 116-N-1 and 116-N-3 Facility Sampling to Support
Remedial Action Design (BHI 1999).

The data summary report (BHI 1999) made the following observations with respect to the
characterization data:

• Samples of soil and sediment scraped from, the upper 80 mm of the percolation surface of the
116-N-1 trench and 116-N-3 crib have similar activity levels

• Percolation surface activity levels are fairly constant along the length of the 116-N-1 trench
and across the 116-N-3 crib

• Activity levels of in samples taken from comparable lifts of test pits excavated in the
116-N-1 trench and 116-N-3 trench are comparable

• Activity levels drop off rapidly with depth, by a factor of 10 to 100 in the first 0.61 in of .
depth.

• None of the TCLP results exceed the toxicity characteristic limits of 40 CFR 261.24

• None of the concentrations of radionuclides that could be designated as TRU exceeded
100 nCi/g

The data summary report developed a revised conceptual model of the sites. The high activity
levels associated with surface sample data are representative of only a very thin (approximately
7 mm thick) layer at the top of the soil profile. This thin high activity layer contains the bullt of
the TRU elements. This thin high-activity layer is significantly thinner than the 0.30-m-thick
high activity layer assumed in the original engineering study (BHI 1997a).

E2.0 RE-EVALUATION OF REMEDIATION APPROACH

E2.1 REVISED REMEDIATION OPTION

Based on the 1998 characterization data, the data summary report (BHI 1999) concluded that the
high activity levels are representative of only a very thin layer at the top of the soil profile (about
7-mm thick). This thickness is in contrast to the 300-mm-thick layer that was assumed in the
engineering study (BHI 1997a). This 7-mm thickness is minor when considering remediation
activities that typically remove contaminated soil in lifts of 300 to 600 mm or greater.
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40 The soil is acceptable at the ERDF based upon a comparison of the characterization data with the
hazard classification limits and the radionuclide inventory of waste already received at the
ERDF.

The supplemental waste acceptance criteria are currently being revised to establish the acceptable

levels of residual radioactivity in soil for unrestricted disposal at the ERDF (Table E2-1). Levels

above those listed in Table E2-1, while not necessarily prohibited from disposal at ERDF, will

have to be reviewed by ERDF personnel to ensure worker protection. Table E2-1 shows that the
operational limit for plutonium-239/240 is 1,780 pCi/g, approximately 6.6 times the limit of
270 pCi/g that was used in the engineering study (BHI 1997a).

Of the two test pits excavated during 1998 (116-N-1 and 116-N-3), the composite sample

collected from the 116-N-1 had the higher radionuclide contamination levels. The 116-N-i

composite sample would represent a worst-case 1.5-m lift during remediation. The radionuclide

concentrations in the 116-N-1 composite sample are shown in Table E2- 1. The calculated

fraction of the maximum soil concentration for ERDF disposal for each radionuclide is also

shown in Table E2-1. The sum of these fractions (0.346) is less than 1 and indicates that the soil

is acceptable for bulk disposal at the ERDF even without blending with soil having lower activity

levels.

Given that the soil is acceptable for bulk disposal at the ERDF without containerization or
blending, the options and associated cost estimates discussed in Appendix D of the engineering
study (BHI 1997a) that involve blending and/or boxing are no longer applicable. The following
is a description of the revised remediation option based on the revised conceptual model (BHI
1999):

Excavation. Excavation would be accomplished by using a hydraulic excavator
equipped with an extended-reach boom. Side-slope benching along the trench would be
performed, as necessary, to position the excavator. Excavation would begin at the side of
the trench and/or crib and material would be removed from the bottom and side slope.
When the reach of the boom is exceeded, soil cover would be placed on top of the
exposed surfaces to provide a clean surface for the excavator to relocate to continue
removing material. Excavated material would be placed in ERDF roll-on/roll-off
containers. These containers would be staged for transport to the ERDF.

Concrete Panels, Structural Supports, and Large Debris. These types of debris would

be removed and surveyed for contamination. Material not directly in contact with the
soils of the trench would be surveyed and decontaminated, as required (reasonable

determination made in the field), and clean material would be staged for alternate
disposal. Contaminated material would be sized in accordance with ERDF bulk waste

supplemental criteria and transported to the ERDF for disposal.

• Cobbles and Boulders in the 116-N-1 Crib. Packaging and disposal of cobbles and
boulders would depend on activity levels. Cobbles and boulders having activity levels

within the limits set forth in the ERDF supplemental waste acceptance criteria (BHI,

1997b or current revision) would be placed in ERDF roll-on/roll-off containers for bulk
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disposal at.the ERDF. Cobbles and boulders with activity levels that would otherwise

exceed the limits in the supplemental waste acceptance criteria for ERDF would either be

proportionally blended with lower activity soil and loaded into ERDF roll-on/roll-off

containers for bulk disposal or would be packaged directly into containers (B-25 boxes)

without blending and transported to the ERDF.

116-N-3 Crib. Radiation surveys of the crib in 1995 and later and analytical laboratory

characterization of crib sediments and sludges (BHI 1999) have shown that a significant
portion of the dose rate measured on the roof of the crib is due to radioactive

contamination remaining in the concrete troughs. A significant reduction in radiation

exposure (from the current 300 mrem/hr to about 0.5 mrem/hr) could be realized by

filling the troughs with a cementitious grout.

Demolition of the crib would then proceed in a conventional manner. Demolition would

include removal of inlet side pre-cast retaining wall and footings, the hollow core pre-cast

retention wall, deck panels, girder beams, and footers. During removal of the concrete

structures, clean fill (for radiological shielding) would be placed on the exposed crib

bottom surface up to the top elevation of the drain field distribution laterals.
Contaminated material from the bottom of the crib, including the distribution trough

system and the clean shielding material, would be excavated and loaded in ERDF

containers for transport to the ERDF.

E2.2 REVISED DOSE EVALUATION 0

The new characterization data (BHI 1999) indicate that the remediation of the sites can proceed

in a conventional manner, similar to that used in the other 100 Areas sites (e.g., 100-B/C).

Nevertheless, there are relatively high concentrations of cobalt-60 and cesium-137, which emit

high-energy gamma radiation. The presence of these isotopes will contribute a significant dose

to workers unless measures are taken to reduce the dose. Dose will be managed by applying the

three dose reducing factors to minimize the worker exposure time, maximize the distance

between the source and the worker, and provide shielding between the source and the worker.

The most problematic area of remediation, in terms of managing dose to workers, will be the

demolition and removal of the 11 6-N-3 crib. The distribution trough system represents a

significant contributor to the worker dose. Currently, the radiation dose measured at the top of

the crib covers is about 300 mrem/hr. Flood grouting of the trough system is expected to reduce

the exposure to about 0.5 mrem/hr. With this and other measures, as outlined in Section E2.1,

the remediation of the 116-N-3 crib and trench is estimated to contribute a total effective dose

equivalent (TEDE) of about 10,000 mrem. Remediation of the 116-N-1 crib and trench would

contribute a TEDE of about 5,000 mrem. Details of the dose estimate are provided in

Attachment 1.

E2.3 REVISED COST ESTIMATE .

Revised remediation volumes were estimated (Attachment 2) and are summarized in Table E2-2.
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These volumes were used to revise the cost estimate for contaminated soil and debris removal

and disposal. The cost estimate for removal and disposal of contaminated soil and debris is

$10.9 million. Details of this estimate are provided in Attachment 3. In addition to these costs

are costs for pipeline removal, backfilling, site restoration, engineering, and contingency, which

brings the total estimate to $21.9 million, as itemized in Table E2-3.

E2.4 REVISED CONCLUSIONS

Preferred Option. The preferred remediation option for the 116-N-1 and 116-N-3 cribs

and trenches is to excavate contaminated soil and structures with a hydraulic excavator.

Excavated material would be placed in ERDF roll-on/roll-off containers. The distribution

trough in the 11 6-N-3 crib would be flood grouted to reduce worker exposure before

remediation begins.

Implementability. The selected option is implementable, based on characterization data

obtained in 1998, cost estimates, and dose evaluation.

Impacts to ERDF. There would be no impacts to ERDF operations.

Lower Cost for Remediation. Remediation costs in revision 0 the engineering study

(BHI 1997a) were calculated based on a conservative conceptual model that resulted in a

significant amount of special handling for disposal in the ERDF. The revised conceptual

model obviates the need for most of the special handling and the total estimated cost for

remediation, including excavation of contaminated soil, debris, and pipelines and disposal

in the ERDF is about $21.9 million.

Table E2-1. Comparison of Characterization Data with Limits

for Wnrker Nealth and Safetv at ERDF

Isotope

Maximum Soil
Concentration for
Direct Dumping in
ERDF (pCi/g)

116-N-1 Test Pit
Composite

Sample Result
(pCilg)

Qualifier

116-N-1 Test Pit

Composite Sample Result,

Fraction of the Maximum

Soil Concentration for

Direct Dumping in ERDF

Sr-90 7.62E+05 1.75E+03 2.30E-03

Cs-137 2.67E+07 2.40E+04 8.99E-04

Co-60 3.81E+06 6.89E+03 1.81E-03

Tc-99 1.14E+08 U O.00E+00

Eu-152 3.81E+06 U O.00E+00

Eu-154 3.05E+06 U O.00E+00

Eu-155 1.52E+07 U O.00E+00

U-238 2.67E+05 U O.00E+00

Th-232 4.44E+02 U O.00E+00

Pu-239 (y) 1.78E+03 3.35E+02 B 1.88E-01

Pu-239 (w) 5.33E+03 O.00E+00

Am-241 1.78E+03 2.24E+02 1.26E-01
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Table E2-1. Comparison of Characterization Data with Limits .
for Worker Health and Safe at ERDF

Maximum Soil 116-N-1 Test Pit
116-N-1 Test Pit

Composite Sample Result,
Isotope

Concentration for Composite
Qualitier Fraction of the Maximum

Direct Dumping in Sample Result
Soil Concentration for

ERDF (pCi/g) (pCi/g)
Direct Dumping in ERDF

Ni-63 4.67E+08 U O.00E+00

Sum 3.46E-01

B = blank contamination
U = result was below detection limit

Table E2-2. Remediation Volume Summary
Facility Bank Volume ft3 Bank Volume m'

116-N-1 crib 507,500 14,362

116-N-1 trench 468,125 13,247

116-N-3 crib 300,000 8,490

116-N-3 trench 290,625 8,225

Table E2-3. Cost Estimate.

Item Description Estimated Cost

Remove concrete panels and beams $479,819

Demolish and remove high-dose concrete $113,846

Demolish and remove low-level waste concrete $25,693

Excavate 116-N-1 crib $344,639

Excavate 116-N-1 trench $307,364

Excavate 116-N-1 crib $230,985

Excavate 116-N-1 trench $196,654

Excavate clean overburden -- 116-N-1 crib and trench $36,388

Excavate clean overburden -- 116-N-1 crib and trench $26,792

Backfill' $1,037,209

Site restoration' $36,350

Support functions $684,918

Mobilization/demobili2ation $367,535

Subtotal $3,888,192

ERDF disposal $3,775,475

E-8
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Table E2-3. Cost Estimate.

Item Description Estimated Cost

ERC support $2,320,371

Pipeline removal' $1,967,804

Subtotal $11,951,842

Engineering/design° $2,570,000

Subtotal $14,521,842

Direct distributables $2,679,280

Subtotal $17,201,121

General and administrative $629,561

Subtotal $17,830,682

Contingency (34%)` $4,063,626

TOTAL $21,894,309

Cost not included in Attachment 3; carried over from the corrective measures study (DOE-RL 1998a).

° Current estimated cost from FY 2000 detailed work plan.
Contingency not included in Attachment 3.
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^

Job Title: 1301 Crib/Trench Demolition and RWP#: Estimate for Design Purposes

Excavation

TWD#: BHI - 01092

Field Engineer: S. G. Thieme Radiological Engineer: S. K. De Mers

Task Description Work No. Exposure Estimated Estimated DAC TEDE

Area of Rate External Air Hrs for

Hours People (mrem/hr) Exposure Activ'rty Task

(DAC)

Radiation Survey of Crib/Trench 4 3 20 240 <0.02 0 240

Demolish and Remove Panels/Supp orts 40 2 1.5 120 <0.02 0 120

Excavate and Load Soils 240 2 1.5 720 <0.02 0 720

Trans p ort from Crib to "0" 240 2 1.5 720 <0.02 0 720

Packag in g of Materials for Shipment 140 4 1.5 840 <0.02 0 840

RadCon Support Survey 120 1 1.5 180 <0.02 0 180

Sam lin of Soils from Bucket 40 2 10 800 <0.02 0 800

Work in "0" 100 2 1.5 300 <0.02 0 300

Transp ort of Containers to ERDF 500 4 0.25 500 <0.02 0 500

Work in RMA at ERDF 40 2 1 80 <0.02 0 80

Transp ort of Container to Dump Face 40 3 1.5 180 <0.02 0 180

Disp osal of Soils on the Dump Face 80 3 1.5 360 <0.02 0 360

Compacting Soils Within ERDF 100 1 1.5 150 <0.02 0 150

. . . . . Estimated TEDE

- - - (mrem) for Work 5,190

Prepared by: S. K. De Mers
Print/Sign/Date

NOTE: Estimated Air Activity is breathing zone air activity, taking into account protection factor of respiratory

protection, if used.

NOTE : Use 2.5 mrem exposure per DAC-hr.

BHI-TM-fl073 i04/99i
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ERC Radiolo.gical Control
EXPQSUE3E fSTIMATE page 1 of 2

Job Title: 1325 CriblTrench Demolition and RWP#: Estimate for Design Purposes

Excavation

TWD#: BHI-01092

Field Engineer: S. G. Thieme Radiological Engineer: S. K. De Mers

Task Description Work
Area
Hours

No.

of
People

Exposure

Rate
(mrem/hr)

Estimated
External

Exposure

Estimated

Air
Activity

(DAC)

DAC
Hrs

TEDE
for
Task

Cut and Plu g Inlet Pii e 8 3 3 72 <0.02 0 72

Cut and Drill 3-8" Holes in Covers 8 1 50 40 <0.02 0 50

Flood Grout Drain Field 8 3 2 48 <0.02 0 48

Radiation Survey of Crib 4 2 5 40 <0.02 0 40

Excavate Su pport Area Inlet Side of Crib 16 1 2 32 <0.02 0 32

Excavate Support Area East Side of Crib 8 1 2 16 <0.02 0 16

Saw Cut Panels Above Girders 105 4 5 2625 <0.02 0 2625

Demolish and Remove Inlet Side Wall 8 2 2 32 <0.02 0 32

Remove Cover Panels 40 1 2 80 <0.02 0 80

Demolish and Remove Girder Supports 84 1 10 840 <0.02 0 840

Place Clean Fill Ahead of Excavation 40 1 10 400 <0.02 0 400

Demolish and Remove Drain Field 8 1 10 80 <0.02 . 0 80

Excavate and Load Soils 208 1 10 2080 <0.02 0 2080

Demolish and Remove Trench Side Wall 8 1 1 8 <0.02 0 8

Demolish and Remove Lines to Trench 16 1 2 32 <0.02 0 32

Remove and Package Debris 48 4 1 196 <0.02 0 196

Prepared by:
Print/Sign/Date

NOTE: Estimated Air Activity is breathing zone air activity, taking into account protection factor of respiratory

protection, if used.

NOTE: Use 2.5 mrem exposure per DAC-hr.

eHI-TM-R073 1041991
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ERC Radiological Control

EXPOSURE ESTIMATE page 2 of 2

Job Title: 1325 Crib/Trench Demolition and RWP#: Estimate for Design Purposes Only

Excavation

TWD#: BHI-01092

Field Engineer: S. G. Thieme Radiological Engineer: S. K. De Mers

Task Description Work
Area

Hours

No.
of

People

Exposure
Rate

(mrem/hr)

Estimated
Extemal
Exposure

Estimated
Air

Activity

(DAC)

DAC
Hrs

TEDE
for
Task

Transport from Crib to "Q" 52 3 1 156 <0.02 0 156

Packa in of Materials for Shi pment 26 4 1 104 <0.02 0 104

RadCon Support Survey 80 2 5 800 <0.02 0 800

Removal of Panels from Trench 16 1 2 32 <0.02 0 32

Removal of Soil from Trench 120 2 2 480 <0.02 0 480

Samp lin g of Soils from Bucket 12 2 10 240 <0.02 0 240

RadCon Surveys in Supp ort of Excavation 12 2 10 240 <0.02 0 240

Hauling Soils to "0" 40 3 1 120 <0.02 0 120

Work in Survey Tent 80 4 1 320 <0.02 0 320

Work in "0" 100 2 1 200 <0.02 0 200

Transport of Containers to ERDF 320 3 0.2 192 <0.02 0 192

Work in RMA at ERDF 40 2 1 80 <0.02 0 80

Transport of Container to Dump Face 40 3 1 120 <0.02 0 120

Disposal of Soils on the Dump Face 80 3 1 240 <0.02 240

Compacting Soils Within ERDF

_

00 1 1 100 <0.02 0

Estimated TEDE

(mrem) for Work

100

10,039

BHI-TM-R073 (04199)
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CALCULATION COVER SHEET

Project Title Remedial Actions Job No. 22192

Area 100-N

Discipline Environmental Engineering *Calc. No. O100N-CA-V0002

Subject Soil Remediation Volume for 1301-N and 1325-N

Computer Program Microsoft Excel Program No. Ver. 5

Committed Calculation q Preliminary 0 Superseded q

Rev. SheetNumbers Originator Checker Reviewer Approval Date

A 23
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Scanned: Rev. Date Bar Code No. Rev. Date Bar Code No.

BHI-01092
Rev. 1

•Ubtain Calc. No. from ll1S.
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Bechtel Hanford, Inc.

Originator J. D. Ludoi?il.

^ Project Remedial Action.

Subject Soil Remediatio.

2 Purpose

BHI-01092
CALCULATION SHEET Rev. 1

kes Date 04/07/99 Calc. No. 0100N-CA-V0002 Rev. No. B
^,192 Checked ! c^ aate y( ^/ 5 Y
1301-N and 1325-N Sheet No. 1 of 5

3 The purpose of this calculation is to estimate the quantity of contaminated soil requiring disposal
4 from the remediation of 1301-N (116-N-1) and 1325-N (116-N-3). The values calculated herein
5 will be used as the basis for a cost estimate and radiation dose assessment for the project.

7 Background

8 The corrective measures study for 1301-N and 1325-N (Ref. 1) identified remove and dispose as
9 the preferred option for remediating these sites. An engineering study (Ref. 2) evaluated issues
10 associated with the remove/dispose option and recommend an optimized remediation option.

11 The recommendations in the engineering study were based on a conservative conceptual model
12 of the sites that included a 1 foot thick layer of "high" activity contamination below which was a
13 4 foot thick layer of "low" activity contamination. This conceptual model was used in revision 0
14 of this calculation and was the basis for the developing cost estimates in the engineering study.
15 The engineering study recommended that more characterization of the sites be performed to
16 refine the conceptual model. The characterization data were collected in December 1998 and are
17 reported in the data summary report (Ref. 3). The data summary report proposes a new
18 conceptual model that eliminates the "high" and "low" activity layers.

• 19

20 Input Data

21 Facilitv Dimensions
22 1301-N Crib: Drawing H-1-30589
23 1301-N Trench: Drawing H-1-28855
24 1325-N Crib: Drawing H-1-45090
25 1325-N Trench: Drawing H-1-48894, 48895

26

27 Assumptions

28 The CMS (Ref. 1) provides several key assumptions regarding the character of the contaminated
29 soil beneath the cribs and trenches:

30 1. There is a 5 ft. thick contaminated layer of soil below the bottom of the trenches and

31 cribs.

32 2. The 1301-N crib volume includes an upper layer consisting boulders, cobbles and
33 gravel. There is about 4 ft of stabilization backfill plus about 5 ft of backfill used to
34 construct the drillpad for 199-N-107A. The thickness of this layer varies between
35 about 4 ft and 9 ft, but 9 ft was assumed to be conservative. The upper layer is

• 36 assumed to be slightly contaminated.

37 3. Below the upper layer in the 1301-N crib is a 5 ft thick layer that contains the bulk of
38 the contamination.
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BHI-01092
^ Bechtel Hanford, Inc. CALCULATION SHEET Rev. 1

7/^T
Originator J. D. Ludowse / Kira Sykes Date 04/07/99 Calc. No. 0100N-CA-V0002 Rev. No. B

^ Project Remedial Actions Job No. 22192 Checked-t-O Date ^/7/r7

Subject Soil Remediation Volume for 1301-N and 1325-N Sheet No. 2 of 5

1

2 Assumptions (Continued)

3 4. The 1325-N Trench volume includes a 2 ft thick layer of backfilled surface cobble.
4 The 5 ft to be excavated includes the 2 ft thick layer of cobbles plus 3 ft of sandy
5 gravel below the cobbles.

6 5. Only the first 750 ft section of the 1325-N Trench was used and is contaminated.

7

8 References

9 1. DOE/RL-97-39,100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures

10 Study/Closure Plan, Rev. 0.

11 2. BHI-01 092, 100-NR-1 Treatment, Storage, and Disposal Units Engineering Study, Rev. 0.

12 3. BHI-01271, Data Summary Reportfor 116-N-1 and 116-N-3 Facility Sampling to Support Remedial

13 Action Design, Internal Draft.

14 Results

5 The calculations are detailed on the following sheets. The table below summarizes the results.

^ 16

Volume Summary

Facility Bank Volume, ft' Bank Volume,
m3

1301-N Crib 507,500 14,362

1301-N Trench 469,063 13,288,

1325-N Crib 300,000 8,490

1325-N Trench 290,625 8,225

17

18
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Latest Sampling Results and
Increesed Conlrols at ERDF

N-CRIBS ENGINEERING STUDY
TOTAL COST SUNPMRY

Item Descrl Ilon Materials Labor 61C Subtolal

s

Home Office
3 00%

Pro6t
5 00%

BSO Tax
0 47%

Total
Bld

S S Dlrecl

%

. , .

RemoveCOncretePanelsend8eams $35.520 f 62.490 205,728 49,530 353,268 73,248 f 22.742 S 2.245 179819

DemollshhndRemoveHl hDoseConcrele

R

78180 2258 f 83,819

N"

S 3,143 S 5,398 S 533 f S 113,848

DemollshendRemovaLLWCOncrete 5,205 f 78977 f 709 S 7,278 f 720 S f 25,693

Excavale7307Crib $ 57,211 $ 77,831 f 4,745 S 253,747 435$63 .. $ 9,515 $ 18335 $ 1812 f- S 344838

Excavale 1301 Trench $ 701,535 S 51,252 f 69,120 S 4,290 S 228,297 S 58,574 $ 8,498 14.568$ $ 1.438 5- $ 307,384

Excavate1325Crib $ 76,547 S 38.024 $ 52.372 $ 3,120 $ 170,064 S 42.516 $ 6 ,377 S 70,948 $ 1,081 t• $ 230,985

Excevate 1325 Trench $ 64,981 S 32 800 f 44,276 $ 2,730 $ 144.787 $ 36.197 $ 5,430 $ 920 f- 196.654$

ExceveleCleanOverburden• 1301Crib8Trench S 17,297 f f 9,493 f S 26.790 $ 8,698 $ 7,005 $ 170 S 3 38388

ExcevaleCleanOrarburden - 7325CrIb8Trench $72,747 S f 8,978 S $ 79728 $ 1931 $ 740 125 S• S 28792

Second Functions $ 9,878 j 94 ,031 40038d f f 504,273 f 728,088 S 78,970 V32.463 f 3,201 $ - f 684 ,918

MoblllzellonlDemobllizallon

Sublotals:

S 78,852

f 467198

f 133.947

S 548358

f

f 873727

S 118,000

183000

f 270,599

2072,281

$ 87,850

S 518,070

$ 70,717 f 7779

13787

j- f 387635

$ 2 ,814 ,632

Dle ealetERDF f j S $ 3,775,475 S 3775,475 $ 3,775,175

ERCSu rt S f f 1,820,377 S 500.000 $ 2320,377 $ 2320,371

Subtotal $ 8,910,479

Wasle Zone exuevated In e nln le 118 entl loaded Into ER

ERDFaccalancacrllerlemodi8edtoallowfreedum n

HI h dose concrete Is cka ed In 8-25 buxes.

All olherconteminated folls and demollshed concrete aa

Cover enele and conerale beamn easumed lo be baded

Asaume lacement of I faol of cleen melerial on lo of c

DF containers for Dls ea1 al E

atEROFwlthconlaminatlonle

sumed loaded into ERDF conle

onto Imeks and haul to ERDF

onlaminellon zone lo rovlde o

RDF

velau Io2000

lnem

for dla sael.

clean vrorkln le

CU.

r

Direct Distr

SA 3.6

lbe 18.45

Subtotal

%

% $ 1 ,643 ,933

10 654,462

388,293

TOTAL: $ 10940755

^ ^

C H

r. O

O
^



N-CRIBS ENGINEERING STUDY

Remove Panels and Beams

W

N

Unit Cost Jobhours Labor_

Descrl tlon Quantlt Unit E uI Material S/C Unit Total Elhr E Material Total

Remove Concrete Panels and Beams

1301 Crlb and Trench

Pre are Panels & Beams for Removal

Saw Panel Joints (Means)
Concrete Saw 374.00 hrs $ 5.60

R

E
$

E 2,tKJ4

Laborers
Protective Clothin 232.00 sets E 9.50

374.00 E 28.45 E
E 2,204

10.640 $ E 10,640

E 2,204

Masks 58.00 ea E 65.00 $ E 3,770

Install Liftin Lugs unil rice book

E ul menUmalerials

Ironworkers
ProtecfiveClothing

Masks

1,788.0
1,788.0
1,212.0
303.0

ea
ea
sets
We

$ 0.40 E 0.86

$ 9.50

__ _

65.00

_

1.11 1,984.7 $ 37.73
E 715
E
E
E

E 1,538
E •
E 11,514
E

$ -
$ 74,882
$
$

E$
-

$ -
E 19,695

$ 2,253
$ 74,882
$ 11,514
E 19,695

Remove Panels & Beams

100 ton Crane w/230' boom
Rigg ers

111.80 hre E 99.81 137.60
275.20

$ 32.32
E 28.45

$ 11,159
$ -

E
$

E 4,447
E 7,829

$
E -

15,606$
$ 7,829

Crane Standby time
ProtectiveClothing

25.80
138.00

hrs
sete

E 33.t12
$ 9.50

S 867

E
E -
E 1,311

$
E

$
$ -

$ 887
$ 1,311

$ra Panels and Beams w/Fixa6v

Laborers

S prayer

e unit ice

104,456

book

sf E 0.001
313.40 $ 28.45 $ -

$ 104
$
E -

$ 8,916
$

$
$ -

$ 8,916
$ 104

524
Fixative
Protective Clothin

418.00
193.00

al.
sets

E 18.00
$ 9.50

E
$ -

E 7,524
$ 1,834

E
$ -

$ -
$ -

E 7,
E 1,834

Masks 49.00 ea E 65.00 E E $ - E 3,185 E 3,185

Load panels and Beams onto ERDF Trucks

100 ton crane, cravAer

Crane Standb

Riggers
Protective Clothin

23.50
5.40

29.00

hra
hrs

sets

E 99.81

E 33.82

9.50

29.00

57.90

E 32.32

E 28.45

$ 2,346

$ 182

E
E -

$

E
$ -
E 276

$ 937
$ -
$ 1,647

E

$
E
E
E

$ 3,283

$ 182
$ 1,647

$ 276

RCT Support
RCT Costs and Hours covered in ERC Su rt

Protective Clothing 291.00 sets $ 9.50 $ $ 2,765 E E - $ 2,765

C ..
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N-CRIBS ENGINEERING STUDY
Remove Panels and Beams

tN

W

1325 Crlb and Trench

Prepare Panels & Beams for Removal

Saw Panel Joints ( Means)
Concrete Saw 217.50 hrs $ 5.60 E 1,218 E $ 1,218

Laborers 217.50 $ 28.45 $ $ 6, 188 $ - $ 6,188

ProtectiveClothing 134.00 sets $ 9.50 $ $ 1 ,273 E __
-

$ - $ 1,273

Masks 34.00 as E 65.00 $ E 2,210 E 2,210

Install LiXin Lu s(unit price book _

Equi menUmaterials 1,472.0 as E 0.40 E0.86 $ 589 E 1 ,266 _ E 1,855

Ironworkers 1,472.0 is 1.11 1,633.9 $ 37.73 E $ E 6 1 ,648 E - $ 61,648

Protective Clothin 1,006.0 sets $ 9.50 E $ 9,557 E - $ - E 9,557

Masks 252.0 ea $ 65.00 E - E '

_
E $ 16,380 $ 16,380

Remove Panels & Beams

100 ton Crane w/230' boom 92.00 hrs $ 99.81 114.40 $ 32.32 $ 9,183 $ $ 3,697 $ - $ 12,880

Riggers 228.80 $ 28.45 $ $ - $ 6,509 $ $ 6,509

Crane Standby time 21.30 hrs E 33.62 $ 716 $ E _ $ $ 716

ProtectiveClothin 114.00 seta E $ 1,083 S $ $ 1,083

S ra Panels and Beams w/FlxatNe (unit price book

Laborers 423.70 $ 28.45 $ $ _E 12,054 E - $ 12,054

S ra er 141,248 sf $ 0.001

F

$ 141 E - E $ E 141

Fixative
Protectlve Clothing

Masks

565.00
281.00
66.00

al
sets
as

18.

$ 65.00

$

$ -
$

$ 10,170

$ 2,480

$

$
$
$

$

$
$ 4,290

$ 10,170

$ 2,480

E 4,290

Load panels and Beams onto ERDF Trucks

100 ton crane,cravAer 57.70 hrs $ 99.81 71.00 $ 32.32 E 5,759 E E 2,295 S - $ 8,054

Crane Standb 13.30 hrs E 33.62 E 447 $ $ $ $ 447

Riggers 141.90 E 28.45 E E E 4,037 E E 4,037

Protective Clothin 71.00 sets E 9.50 E E 675 E E E 675

RCT Su rt
RCT 1.00 as Costs and Hours covered in ERG Suppo rt

Protective Clothin 252.00 sets $ 9.50 E 2,394 a E $ 2,394

Subtotal: 6,003.0 $ 35,520 $ 57,861 $ 205,728 $ 49,530 $ 348,639

Sales Tax 8.0% E 4,629 E 4,629_

Totals: 6,003.0 $ 35,520 E 62,490 E 205,728 E 49,530 5 353,268
O
b
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N-CRIBS ENGINEERING STUDY

Remove Panels and Beams

lN

^

All panels and beams are LLW

Panels & beams are s ra ed with fixative before lacement onto an ERDF truck.

1301 trench panels are stacked 4 high for trans r! to dis sal

1325 crib/trench panels are loaded one per truck bad (welght restrictlons

Beams are loaded one per truck wei ht restrictions

Panels need to be drilled for placement of lifting lugs

Joints where panels meet need to be sawed.

Each lift out of the crib/trench with crane takes 15 minutes

Each lift onto haul truck takes 10 minutes

1301: Cover Panels = 403

Beams = 44

1325: Cover Panels = 298

Side Panels = 30

Beams = 40

O
^--^
O
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N-CRIBS ENGINEERING STUDY
Demolish and Remove High Dose Concrete

FS

w

ln

Unit Cost Jobhours Labor
Descri ption Ouantit Unit E ul Material S/C Unit Total $Ihr E ui Materlal Labo r SIC Total

Demolish and Remove High Dose Concrete

130 1 Crib & Trench

P

Demolish and Load 154.20 Icy __
Backhoe w/concrete Shearer 3.93 hrs E 147.88 581 E E E 581
Backhoe i c 4.41 hrs E 93.25 E 4 11 E E E 411
O erator 10.20 E 32.32 ,E E E $ 330
Water Truck 5000 gal 8.30 hrs $ 36.79 10.20 E 33.15 E 305 $ $ 338 E $ 643
Laborers 20.40 E 28.45 ; E $ $ 580 $ $ 580
Eq uip Standby !
Backhoe/shearer 4.10 hrs $ 37.54 154 E E $ $ 154
Backhoe 1 c 3.60 hrs E 25.68 E 92 E - $ - $ - $ 92
Water Truck 5000 gal 1.80 hrs E 8.95 , E 18 E $ $ $ 16

Protective Clothln 11.00 sets $ 9.50 E E 105 E $ $ 105
Masks 4.00 as E 65.00 $ $ $ E 260 E 260
Standard B-25 box 55.00 ea $ 793.00 E E 43,615 $ $ $ 43,615
Concrete 27.50 c E 60.75

$
E 1,671 E E E 1,671

Box Llners 55.00 as E 5.19 $ E 285 E $ $ 285

Load Boxes onto ERDF Trucks

Forklift 8.30 hrs E 23.91 10.20 $ 32132 $ 198 $ $ 330 $ $ 528
Forkli(t standb 1.80 hrs E 5.82 $ 10 $ $ $ $ 10
Protective Clothi 6.00 sets $ 9.50 $ $ 57 E $ $ 57

RCT Support
RCT 1.00 ea Costs and Hours covered In ERC Su rt
Protective Clothln 6.00 sets $ 9.50 $ $ 57 E $ $ 57
Mask 2.00 as E 65.00 $ $ $ $ 130 E 130

1325 Cdb & Trenc

Demolish and Load 87.70 Ic
Backhoe w/concreta Shearer 1.10 hrs E 147.88 $ 163 $ $ $ $ 163
Backhoe 1 cy 2.50 hrs E 93.25 E 233 E E E E 233
Operator 4.40 E 32.32 E $ $ 142 E E 142
Water Truck 5000 al 3.60 hrs $ 38.79 4.40 $ 33.15 $ 132 $ E 146 E E 278
Laborers 8.80 E 28.45 E E E 250 E E 250
E ui Standby
Backhoelshearer 6.90 hrs E 37.54 $ 259 E $ E E 259
Backhoe 1 cy 5.5o hrs E 25.68 E 141 E E E E 141

^1 w< ^L
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N-CRIBS ENGINEERING STUDY
Demolish and Remove High Dose Concrete

l)

C!h

Water Truck 5000 al 0.80 hrs $ 8.95 $ 7 $ $ E $ 7

Protective Clothin g 5.00 sets $ 9.50 $ $ 48 $ $ $ 48

Masks 2.00 as $ 65.00 $ $ $ $ 130 _E 130

Standard B-25 box 32.00 an $ 793.00 1 $ $ 25,376 $ $ $ 25,376

Concrete 16.00 c E 60.75 $ $ 972 $ $ $ 972

Box Liners 32.00 ea $ 5.19 $ $ 166 E $ $ 166

Load Boxes onto ERDF Trucks

Forklift 3.60 hrs $ 23.91 4.40 $ 32.32 $ 86 $ $ 142 $ $ 228

Forkliftstandb 0.80 hrs $ 5.82 $ 5 a $ $ E 5
Protective Clothin 2.00 sets E 9.50 $ $ 19 $ $ $ 19

RCT Su rt
RCT 1.00 ea Costs and Hours covered in ERC Support

Protective Clothing 2.00 sets $ 9.50 $ - $ 19 $ $ $ 19

Mask 1.00 ea $ 65.00 $ $ $ $ 65 E 65

Subtotal: 73.00 $ 2,796 $ 72,389 $ 2,258 $ 585 $ 78,028

Sales Tax 8.0% $ 5,791 $ 5,791

Totals: 73.00 $ 2,796 $ 78,180 $ 2,258 $ 585 $ 83,819

All Hig h dose concrete structures will be containerized in B-25 boxes

Concrete structures will need to be size reduced to fit Into B-25 boxes

Void s ace In the boxes will be filled with g rout (concrete )

Boxes will be moved and loaded onto trans port trucks with a forklift
Material removed at a rate of 351c /hour
Material demolished at a rate of 50 bc /hour

^d w
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N-CRIBS ENGINEERING STUDY
Remove LLW Concrete

•"E-

Unit Cost Jobhours Labor

Descri ption Quantity Unit E ul Material SIC Unit Total Elhr E q ui p Material Labor SIC Total

Demolish and Remove LLW Concrete

1301 Crib and Trench 517.00 Ic

Backhoe wlShearer 6.5 hrs $ 147.88 $ 956 $ $ $ $ 958

Backhoe 1 c, CAT 235 10.3 We S 93.25 $ 964 $ E $ $ 964

Water truck, 5000 gal 18.8 hrs $ 36.79 20.70 $ 33.15 $ 618 $ E 686 $ E 1,304

Operator 20. 70 E 32.32 $ $ E 669 E - $ 669

Container Liner 34.00 ea $ 22.51 $ 765 $ $ 765

(labor in Queue area) _
E ui Standby
Backhoe/shearer 1.50 hrs $ 37.64 $ 56 $ $ - $ $ 56_
Backhoe 2.40 hrs E 25.68 $ 62 E $ E $ 62

WaterTruck 3.90 bra a 8.95 $ 35 E $ E $ 35

RCT Support
RCT Costs and Hours covered in ERC Sup rt

Protect7ve Clothin 11.00 sets $ 9.50 $ $ 105 $ $ - $ 105

1325 Crib and Trench 1,470.9 Ic

Backhoew/Shearer 18.39 hre $ 147.88 E 2,719 $ $ $ - a 2,719

Backhoel cy 29,42 bra $ 93.25 $ 2,743 $ $ $ $ 2,743

Walertruck 47.80 bra $ 36.79 58.80 $ 33.15 $ 1,759 $ $ 1,949 $ - $ 3,708

Operator 58.80 a 32.32 $ $ E 1,900 E $ 1,900

ContainerLiner 97.00 ea $ 22.51 $ 2,183 $ $ $ $ 2,183

lalwr In Queue area)
E ui Standby
Backhoe/shearer 4.20 bra $ 37.54 $ 158 $ $ $ - $ 158

Backhoe 6.80 hrs E 25.68 -$ 175 E $ - $ E 175

WaterTruck 11.00 hrs S 8.95 $ 98 $ $ $ $ 98

RCT Support
RCT 1.00 ea Costs and Hours covered in ERC Su ort

Protective Clothin 30.00 sets $ 9.50 $ $ 285 $ $ $ 285

Subtola1: 159.00 a 13,291 $ 390 $ 5,205 $ $ 18,888

Seles Tax 8.0% $ 31 $ 31

Totals: 159.00 $ 13,291 $ 421 $ 5,205 $ $ 18,917

AII materiat will be size reduced and loaded into ERDF container

Container will he hauled to a queue area for pickup by ERDF Trucks

Backhoes wiil be working on to of the clean warkin layer material

V

Material removed at a rate of SO lc Ihour -

E EMaterial demolished at a rate of 50 bc /hour I I I

C r-i
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N-CRIBS ENGINEERING STUDY
Excavate 1301 Crib

W

Descri ption
Excavate 1301 Crib

Quantit y Unit
Unit C ost

E ul Material SIC Unit
Jobhours

Total
Labor
S/hr

_
E qui p Material Labor S/C Total

Excavation Duration: 72.4 da s

Place Clean Working Layer 1,343.0 Ic

Backhoe,2 CY CAT 350 7.5 his $ 102.11 9.20 $ 32.32 $ 765 $ $ 297 $ E 1,062

Dozer, CAT D6H

__
7.5 his $ 49.23 9.20 132.3232.32 $ 369 $ $ 297 E E 666

15c Dump truck 2)
Water Truck, 5000 at 7.5

We
hrs

$ 38.70

E 36.79

18.40
9.20

$33.15
E33.15

$ 580

E 278
$
E

$ 610
E 305

$
E

E 1.190

E 581

E q uip Standb y time -_-
Backhoe,2 CY CAT 350 1.7 hrs $ 25.52 $ 43 $ $ E $ 43

Dozer, CAT OBH 1.7 his $ 10.09 $ 17 $ $ E E 17

cy Dum p truck 2 3.5 hrs $ 8.08 $ 28 E $ E E 28

Water Truck, 5000 gal _ 1.7 his $ 8.95 _ $ 15 $ $ $ $ 15

Remove Contaminated Soil 19,963 bc

Backhoe,CAT350 2c 470.6 his E 102.11 579.2 $32.32 E 48,053 $ $ 18,720 $ $ 66,773

Watertruck 5000 al -
ContalnerHaulaHaulag e (2)

470.8
941.2

hrs

his
E 30.79

$ 43.24

579.2
1,158.4

$33.15

$33.15
$ 17.313
E 40,697

E -

$

$ 19,200
$ 38,401

$
$

$ 36,514

$ 79,098

Eq uip Standb y time
Backhoe, CAT 350 2 c
Watertruck, 5000 al
Container Haulage Trucks (2 )

108.6
108.6
217.2

hrs
hrs
hrs

E 25.52

E 8.95
$ 9.48

$ 2,771

$ 972
$ 2,055

$
$
$

$
$
$

$
$
$

$ 2,771

$ 972

$ 2,055

RCT Su pport 1.0 ea Costs and Hours cove red In ERC Su rt

Materials
ProtectlveClothln 870 sets $ 9.50 $ $ 8.265 $ $ $ 8,265

Masks 73 ea E65.00 $ $ $ $ 4,745 $ 4,745

Crustln A ent
BoxLiners

4,833
1,955

s
ea
_ $ 0.145

$ 22.51
$
$

E 701
$ 44,007

$
E

$
$

$ 701

$ 44 ,007

Subtotal: 2362.8 $ 113,955 $ 52,973 E 77,831 $ 4,745 $ 249504

SalesTax 8.0% E_ 4 ,238 $ 4,238

Totals:

Contaminated area covered wllh I foot of clean soil to rovide a cle an workin surface
2,362.8

laced at a rate ot 1791c r
E 113,955 $ 57,211 $ 77,831 $ 4,745 $ 253,741

Excavatorandtrucksworkonthecleanworkin la er

Contaminated material and clean workin la er loaded Into ERDF Contalners and haule d to the Queue Area.

Loadin al excavatlon b CAT 350 backhoe 2.0 c

Average container availabili = 27 contalnerslda

O
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N-CRIBS ENGINEERING STUDY
Excavate 1301 Trench

ta

4D

Unit Cost Jobhours Labor

Descri ption Quantit y Unit E q uip Material S/C Unit Total $Ihr E q ui p Material Labor S!C Total

Excavate 1301 Trench
Excavation Duration: 65.2 da s

Place Clean Working Layer 722.0 Ic

Backhoa,2 CY CAT 350
Dozer,CATD6H
Waler Truck, 5000 gal

4.0
4.0
4.0

hrs
We
hrs

$ 102.11

$ 49.23
$ 36.79

_ 5.00
5.00
5.00

$ 32.32
$32.32
E33.15

$ 411
E 198
$ 148

$
$
$

$ 162

$ 162

$ 166

$ -
$
$ -

$ 573

$ 360

$ 314

Equip Standby time
Backhoe,2 CY CAT 350 0.9 his $ 25.52 $ 23 $ $ It $ 23

Dozer, CAT D6H 0.9 hrs $ 10.09 $ 9 E $ $ $ 9

Water Truck, 5000 gal 0.9 hrs $ 8.95 $ 8 $ $ $ $ 8

Remove Contaminated Soll
Backhoe, CAT 350 2 c
Walertruck,5000 al

17,982
423.8
423.8

bC
hrs
hra

$ 102.11
$ 36.79

521.8
521.6

$ 32.32
E33.15

$ 43,274

$ 15,592
$ -
$

$ 16,858
$ 17,291

$
$

$ 60,132

$ 32,883

ContalnerHaulaHaulage (2) 847.6 We $ 43.24 1,043.2 E33.15 $ 36,650 $ $ 34,582 $ $ 71,232

Equip Standby time
Backhoe, CAT 350 2 cy) 97.8 hrs $ 25.52 $ 2 , 496 $ $ $ $ 2 ,496
Walertruck, 5000 gal
Container Haulage Trucks 2

97.8
195.6

hrs
hrs

$ 8.95
$ 9.46

$ 875
$ 1,850

$
$

$
$

$
$

$ 875

$ 1 850

RCT Su rt 1.0 ea Costs and Hours covered In ERC Su rt

Materials
Clothing 783 sets $ 9.50 $ $ 7,439 $ $ $ 7 ,439

Masks 66 ea $65.00 $ $ $ $ 4290 $ 4,290

Cmstln A ent 2,600 a $ 0.145 $ $ 377 $ $ $ 377

BoxLlners 1,761 ea $ 22.51 $ $ 39,640 E $ $ 39,640

Subtotal: 2,101.40 $ 101535 $ 47,456 $ 69220 $ 4,290 $ 222 ,501

Sales Tax 8.0% $ 3,796 $ 3 ,798

Totals:
Contaminaled area covered with I foot of clean soll to rovide a clean working sudace laced

2,101.40
at a rate ot 1 791c Ihr

$ 101,535 $ 51,252 $ 69,220 $ 4,290 $ 226,297

Excavator and trucks work on ihe clean workln la er

Contaminaled maledal and clean workin layer loaded Into ERDF C
Loadin g

at excavatlon b CAT 350 backhoe 2.0 c
ontainers a nd hauled to the Queue Area.

Avera econtaineravallablli =27contalners/da

^ w
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N-CRIBS ENGINEERING STUDY
Excavate 1325 Crib

O

Unit C o st Jobhours Labor

Descri ption quantil y Unit E ul Materlal SIC Unit Total 61hr E ul Material Labor S/C Total

Excavate 1326 Crib
Excavation Duration: 47.3 da s

Place Clean Working La ye r 2,222.0 Ic

Backhoe,2CY CAT 350 12.4 hrs $ 102.11 _ 15.30 $32.32 $ 1,265 $ $_ 494 E $ 1,760

Dozer, CAT D6H 12.4 hrs $ 49.23 15.30 $32.32 $ 610 $ E _ 494 $ $ 1 ,105

cy Dump IruckQ)_ 24.8 hrs E 38.70 30.60 $33.15 $ 959 $ $_1,014 $ $ 1,974

Water Truck, 5000 al 12.4 hrs $ 38.79 15.30 E 33.15 E 456 E $ 507 $ E 963

Eq uip Standb y time_
Backhoe 2 CY CAT 350 2.9 hrs $ 25.52 $ 74 S E___ E _ E 74

Dozer . CAT D6H 2.9 hrs $ 10.09 _ $ 29 E E E $ 29

15 cy End Dump truck 2 5.7 hrs $ 8.08 $ 46 $ $ E $ 48

WalerTruck,5000 al 2.9 hrs E 8.95 $ 26 $ $ - $ $ 26

Remove Contaminated Soil
Backhoe, CAT 350 2 c
Walenruck 5000 al

13042
307.5
307.5

bc
hrs
hra

$ 102.11

$ 36.79
378.4
378.4

$32.32
E33.15

E 31 ,394
$ 11311

$
$

$ 12,230

$ 12,544
$
$

$ 43,824

$ 23,855

ContalnerHaula eTrucks 2 614.9 hrs E 43.24 756.8 $33.15 E 28588 $ $ 25,088 $ $ 51678

Eq uip Standby time
Backhoe, CAT 350 2 c 71.0 hrs 25.52$
Waledruck,5000 gal 71.0 hrs $ 8.95

Container Haulag e Trucks (2 ) 141.9 hrs $ 9.48

RCT Su pport 1.0 ea Oosts and Hours covered In ERC Su rt

Materlals
ProtectNeClothln 570 sets $ 9.50 $ $ 5,415 $ $ S 5 ,415

Masks 48 ea $65.00 $ $ $ $ 3,120 $ 3,120

Crustin A ent 8,000 s $ 0.145 E $ 1,160 E $ $ 1 , 160

BoxLlners 1,272 ea $ 22.51 E $ 28,633 $ E $ 28,633

Subtotal: 1,590,10 E 76547 $ 35,208 $ 52,372 $ 3,120 $ 167,247

Sales Tax 8.0% $ 2 ,817 $ 2,817

Totals: 1 , 590.10 S 76,547 $ 38,024 $ 52,372 $ 3,120 $ 170,064

Contaminated area covered with I foot of clean soll to p rovide a clea n workin g surface (placed at a rale ol 1 791c /hr

Excavatorandtrucksworkonthecleanworkln layer
Contaminated material and clean workin g la er loaded Into ERDF C ontainers a nd hauled to the Queue Area. _

Loadin at excavatlon b CAT 350 backhue 2.0 c _

Avera e container avaflabili = 27 conlalnersPoa

91 W
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N-CRIBS ENGINEERING STUDY
Excavate 1325 Trench

W
i

Unil Cost Jobhours Labor

Descri ption Quantit y Unit Equi p Material S/C Unit Total Slhr Eq ui p Material Labor S/C Total

Excava te 1326 Trench
Excavation Duratlon: 41.5 da s

Place Clean Working Layer 778.0 Ic

Backhoe,2 CY CAT 350 4.3 hrs $ 102.11
_
_ 5.40 $ 32.32 $ 443 $ $ 175 $ $ 618

Dozer, CAT D6H 4.3 hrs $ 49.23 5.40 E 32.32 E 214 E $ 175 $ $ 388_ _
Water Truck , 5000 gal

-
4.3 hrs $ 36.79 5.40 E 33.15 $ 160 $ E 179 $ $ 339

EquipSlandbytime
Backhce,2 CY CAT 350 1.0 hrs $ 25$2 $ 26 $ $ _$ $ 26

Dozer, CAT D6H 1.0 hrs $ 10.09 $ 10 $ E

_

$ $ 10

Water Truck, 5000 al 1.0 hrs E 8.95 $ 9 $ E 5 $ 9

Remove Contaminated Soil
Backhoe,CAT350 (2
Waterlruck,5000 gal

11,441
269.8
269.8

bc
hrs
hrs

$ 102.11$
36.79

_
332.0
332.0

$32.32
$33.15

$ 27,544
$ 9,924

$

$
$ 10,730

$ 11,006
$ -
$

$ 38,274

$ 20930

Container HaulaeTrucks 2 539.5 hrs $ 43.24 664.0 $33.15 $ 23 ,328 $ $ 22.012 $ $ 45 , 340

E gul p Standby time
Backhoe, CAT 350 2 c 62.3 hrs $ 25.52 $ 1,589 $ $ $ $ 1,589

Watertruck,S000 a1 62.3 hrs $ 8.95 $ 557 $ $ $ $ 557

Container Haulag e Trucks (2) 124.5 hrs $ 9.46 $ 1,178 $ $ $ $ 1,178

RCT Support 1.0 ea Costs and Hours covered In ERC Su ort

Materials
Protectlve Clothing 498 sets $ 9.50 $ $ 4,731 $ $ $ 4,731

Masks
Crustin g A ent

42
2,800

ea
s $ 0.145

$65.00 $
$

$
$ 406

$
E

$ 2,730

$

$ 2 , 730

$ 406

BoxLlners 1,121 ea $ 22.51 $ - $ 25,234 $ $ $ 25234

Subtotal: 1,344.20 $ 64,981 $ 30,371 $ 44,276 $ 2,730 $ 142357

Sales Tax 8.0% $ 2,430 $ 2,430

Totals: 1 , 344.20 $ 64,981 $ 32 ,800 $ 44,276 $ 2,730 $ 144,787

Contaminated area covered with 1 foot of clean soll lo rovlde a clean workln surface laced at a rate at 1 79 k Ihr

Excavator and trucks work on the clean working layer '

Contaminated material and clean working layer loaded into ERDF Contalners a nd hauled to the Queue Area.

Loadin g at excavation by CAT 350 backhoe 2.0 cy)
Avera availabil ity = 27conlalners/da

O
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N-CRIBS ENGINEERING STUDY
Clean 0/B Removal - 1301 Crib and Trench

^

UnltCost Jobhours Labor
Descrl tion Quanti ty Unit E ul Material SIC Unit Total Elhr Eq ui p Material Labor SIC Total

Excavate Clean Overburden - 1301 Crib & Trench

Excavate Clean Material not re uired for Shieldin

Backhoe, CAT 350, 2 c 117.78 hrs $ 102.11 145.00 $32.32 $ 12,027 E $ 4.686 $ $ 16,713

WaterTruck,5000 gal 117.78 hrs $ 36.79 145.00 $33.15 $ 4,333 $ - $ 4,807 $ $ 9,140

Equip Standby time
Backhoe. CAT 350, 2 c 27.20 hrs $ 25.52 $ 694 $ $ $ $ 694

Water Truck, 5000 g al 27.20 hrs $ 8.95 $ 243 $ $ $ - $ 243

Subtotal: $ 17,297 $ $ 9,493 $ $ 26,790

Sales Tax 8.0% $ $

Totals: $ 17,297 $ $ 9,493 $ E 26,790

Productlon rate = 179.3 Ic Ihr

Volume = 21 , 118 Ic !hr

.- O
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N-CRIBS ENGINEERING STUDY
Clean 0/8 - 1325 Crib and Trench

W

W

UnltCost Jobhours Labor

Descrip tion Quanti ty Unit E ul Material SIC Unit Total $/hr E q ui p Material Labor SIC Total

Excavate Clean Overburden - 1325 Crlb & Trench

Excavate Clean Material not re uired for Shielding
Backhoe, CAT 350, 2 c 86.69 hrs $ 102.11 106.60 $ 32.32 $ 8.852 $ $ 3,445 $ E 12,298

WaterTruck,5000 al 86.69 hrs $ 36.97 106.60 $33.15 $ 3,205 $ - $ 3,534 $_ $ 6,739

Equip Standby time
Backhoe, CAT 350, 2 c 20.00 hrs $ 25.52 $ 510 a $ E_ a 510

Water Truck, 5000 ga l 20.00 hrs $ 8.95 $ 179 $ $ E $ 179

Subtotal: $ 12,747 $ $ 6,979 $ $ 19,726

Sales Tax 8.0% $ a

Totals: $ 12,747 $ $ 6,979 $ E 19,726

Production rate = 179.3 Ic Ihr

Valume= 15 , 544 Ic /hr
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N-CRIBS ENGINEERING STUDY

Support Functions

A

Descri ption Quanti ty Unit

UnltCost

E ul Material SIC Unlt
Jobhours

Total

Labor

E/hr E ui Material Labor SIC Total

Supp ort Functions

Duration: 286.4 da s

P

Decon/Frisk Station

Laborers 4.0 ea 9,165 E28.45 E $ $ 260,739 E 260,739

RCT's 4.0 ea Costs and Hours covered In E C Support

Clothing 9,165 ea E 9.50 E E 87,066 E $ 87,066

Queue Area
Laborers 2.00 ea 4,582 E28.45 $ E $ 130,389 E- $ 130,369

Road Maintenance

GraderCAT12G 286.4 hrs $ 34.49 286 $32.32 $ 9,878 $ $ 9,256 E- $ 19,134

Subtotal: $ 9,878 $ 87,068 $ 400,364 E- E 497,308

Sales Tax 8.0% $ 6,965 E 8,965

Totals: E 9,878 $ 94,031 $ 400,364 E- $ 504,273

Decon/Frisk and Queue durations are only the time whan concrete anelslbeams and ERD F soiV concrete containers aro bein moved

dro'ect durationRoad maintenance is one hourlday for 1 1 - - - -

< r.
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N-CRIBS ENGINEERING STUDY

MobilizationlDemobilization

U

UnltCost Jobhours Labor

Descri p tion Quantit y Unit E ul Material SIC Unlt Total Elhr E uI Material Labor SIC Total

MoblllzatlonlDemobltlzatlon ---

Facilities
Decon/Frisk Station

Subcontractor Facilities

____ 1. 0

1.0

Is
Is

E 82,337

E 41,688

$

§

E 82,337

E 41,688
E
$ -

E

E -

$ 82,337

$ 41,688
_

Personnel Trainin 1:0 Is E 118,000 118,000 E 118,000

E uipment Mob --- -____^

Backhoe CAT 350

Backhoe CAT 235

Dozer CAT D61-1

Water Truck 5000 gal

Grader CAT 12G

Haul Truck

Forklift 20000 It,

Crane, 100 ton Crawler

Concrete Shearer

Pickup Truck

15 c End Dum Truck

_ -
1.00,

1.00

7.00

1.00

1.00

2.00

1.D0

1.00

1.00

2.00

2.00

ea

ea

ea

ea

as

ea

ea

as

ea

ea

as

$ 1,168

E 1,168

486

E 486

$ 694

694$

E 590

$ 2,500

$ 590

E 100

$ 694

_

-- $ 1,168

$ 1,168

$ 486

$ 486

$ 694

$ 1,388

$ 590

$ 2,500

$ 590

$ 200

$ 1,388

E -

E

E

E

E

$

E

$ -

$

$ -

$

E -

E

E

E

E

$

$

$

$ -

$

$ -

$ ---

§

$ -

E

$

§

$

$

E

$

$

E 1,168

$ 1,168

$ 486

E 486

$ 694

$ 1,388

$ 590

$ 2,500

$ 590

$ 200

$ 1,388

E ui mentDemob 75% of M ob

Backhoe CAT 350

Backhoe CAT 235

Dozer CAT D6H
Water Truck 5000 9al

Grader CAT 12G

Haul Tmck
Forkli@ 20000 Ib
Crane,100tonCrawler

Concrete Shearer

Picku Truck

15 c End Dum Truck

i.00

7.00

1.00

1.00

1.00

2.00

1.00

1.00

1.00

2.00

2.00

ea

ea

ea

ea

as

ea

we

as

ea

is

ea

E 876

E 876

E 365

E 365

$ 521

$ 521

E 443

E 1,875

$ 443

§ 75

E 521

§ 876

E 876

$ 365

$ 365

$ 521

$ 1,041

E 443

$ 7,875

$ 443

$ 150

E 7,041

E -
E
E
$
E -
$ -

E
$
$
E
$

$
E
E-
$
$ -
E -

E
E
E
E
E -

E
$

$
$

$
$
E
E
E
E
E

§ 876

$ 876

$ 365

E 365

$ 521

$ 1,041

E 443

$ 1,875

$ 443

E . 150

E 1,041_

Subtotal: $ 16,652 $ 124,025 § $ 118,000 $ 260,677

Sales Tax 8.0°h E 9,922 9,922$

Totals: $ 18,652 E 133,947 § - S 118,000 E 270,599

Pricin from 300 FF Fair Price Estimate

O
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N-CRIBS ENGINEERING STUDY
Disposal at ERDF

^

UnltCost Jobhours Labor

Descri p tion Quanti ty Unit Eq ui p Material SIC Unit Total Elhr E uI Material Labor SIC Total

Disposal at ERDF

Panels & Beams

1301 Crib & Trench

Transportation
Disposal

2,580.3

2,580.3

tons

tons _

$ 15.92

E 13.59
$
$

$
$

E-

E -
$ 41,078

$ 35,066
E 41,078

$ 35,066

Crane w/o erator and riggers 141.00 lifts $ 49.69 $ $ $ - $ 7,006 $ 7,006

1325 Crib & Trench

Transportation 3,452.1 tons $ 15.92 $ $ E- E 54,957 $ 54,957

Disposal
Crane w/operator and ri gers

3,452.1

346.00 liks

$ 13.59

$ 49.69
$
$

$ -
$

$ -
E-

E 46,914

E 17,193
$ 46,914

$ 17,193

High Dose Concrete
1301 Crib & Trench
Trans rtation 275.00 tons $ 15.92 $ - $ $- E 4,378 $ 4,378

Disposal
Crane, operator and riggers

275.00
55.00

tons
as

$ 13.59

$ 49.69
$
$

$
$

$-
E-

$ 3,737

E 2,733
$ 3,737

$ 2,733

1325 Crib & Trench

Transportation 160.00 tons $ 15.92 $ $ E- $ 2,547 E 2,547

Dis sal 160.00 tons $ 13.59 $ $ $ - $ 2,174
$

2,174

Crane, operator and riggers 32.00 as $ 49.69 $ $ $- $ 1,590 $ 1,590

LLW Concrete
1301 Crib & Trench
Trans portation 654.30 tons $ 15.92 $ $ - '$ - $ 10,416 $ 10,416

Dis posal 654.30 tons $ 13.59 $ - $ - E- $ 8,892 $ 8,892

1325 Crib & Trench
Transportation
Dis osal

1,861.6
1,861.6

tons
tons

$ 15.92
$ 13.59

$ -
$ -

$ -
$

$ -
$-

$ 29,637
E 25,299

$ 29,637
$ 25,299

Contaminated Soll and Boulders
1301 Crib Soils and Boutders

Transportation 37,730 tons $ 15.92 $ $ $ $ 600,662 $ 600,662

Disposal 37,730 tons $ 13.59 $ $ $ $ 512,751 $ 512,751

1301 Trench Soils
Transportation 33,986 tans $ 15.92 E - E E- $ 541,057 $ 541,057

Dis osal 33,986 tons $ 13.59 E - E $ $ 461,870 $ 461,870

^u w
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N-CRIBS ENGINEERING STUDY
Disposal at ERDF

J

1325 Crib Soils

Transportation 24.649 tons $ 15.92 E E E• E 392,412 $ 392,412
Disposal 24,649 tons $ 13.59 $ $ $- $ 334,980 $ 334,980

1325 Trench Soils _
Transportation 21,624 tons $ 15.92 _ E E E- $ 344,254 $ 344,254
Disposal 21,624 tons $ 13.59 E E $- $ 293,870 $ 293,870

Subtotal: $ 3,775,475 $ 3,775,475

Sales Tax 8.0% E $

Totals: $ E $ - $ 3,775,475 $ 3,775,475

Trans portation and dis posal rates are ERDF life c cle costs without DD aand G&A.
Units rate for crane operation In ERDF includes crane, operator and 2 riers aat 21 lifts r da .

^. O
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N-CRIBS ENGINEERING STUDY
ERC Support

9

00

UnltCost Jobhours Labor_

Descrl tion 6uantit Unlt
_
E ul Material S/C Unit Total Slhr E ui Material Labor SIC Total

ERC Su pport

Duration: 317.9 da s

ERC Su ort Personnel
Pro'e ct Controls 8 2,543 $55.16 $ - $ 140,261 $ $ 140,261

Procurement 1 318 $46.91 $ - $ 14,910 $ - $ 14,910

Task Lead 8 2,543 S 59.27 E- $ 150,712 $ $ 150,712

Pro'ectEn ineer 8 2,543 $64.03 E- E $ 162,815 $ $ 162,815

Health Phsics 5 1,589 $55.52 E- $- $ 88,235 $ $ 88,235

Admin 1,271 E27.82 E- E- E 35,370 $ - $ 35,370

Safe & Health 3.5 1,112 $ 55.52 $- $- $ 61,765 E $ 61,765

Rad Con Su ervisor 0.5 159 S 55.52 $- E $- 8,824 E $ 8,824

FieldSu rt 8 2,543 $49.59 $- $• $ 126,097 $ $ 126,097

Rad Con Engineer 3 954 $55.62 $ - $ $ 52,941 . 1 $ 52,941

Sample & Data Management 22 7,120 $49.22 $ - E- $ 350.439 $ $ 350,439

Rad Control Tech Support
Concrete Panels & Beams

'1301 1.00 ea 580.8 $51.67 $- $ - $ 30,010 $ $ 30,010

'1325 1,00 as 503.2 E51.67 $ - E- $ 26,000 $ $ 26,000

High Dose Concrete
1301 1.00 ea 10.2 $51.67 E- E- $ 527 E $ 527

'1325 1.00 ea 4.4 E51.67 E- E- $ 227 $ $ 227

LLW Concrete

1301 1.00 ea 20.7 $51.67 $ - E- $ 1,070 E E 1,070

'1325 1.00 as 58.8 $51.67 $ - E- $ 3,038 E $ 3,038

'1301 Crib & Trench
Crib 1.00 as 579.2 551.67 $- E- $ 29,927 $ $ 29,927

Trench 1,00 as 521.6 $51.67 $ - $ $ 26,951 $ $ 26,951

'1325 Crib & Trench
Crib 1.00 ea 378.4 $51.67 $- $ - $ 19,552 $ E •19,552

Trench 1.00 ea 332.0 E51.67 $ - E- $ 17,154 _E $ 17,154

Sup port Functions
Dacon/ Frisk 4.00 ea 9,164.8 E 51.67 E- $ $ 473,545 E $ 473,545

Sample Analysis 1.00 Is E 500,000 $ - $- E E 500,c00 E 500,000

Subtotal: E- $ $ 1,820,371 $ 500.000 $ 2,320,371

Sales Tax 8.0% $ $ -

.. _-- .. ... '

Totals: E- E• E 1,820,371 E 500,000 E 2,320,371

Unit hours/day for overhead rsonnel su pplied by Pro ect Team

Duration Includes Concrete structure removal, contaminated soiis removal and overburden remaval

Rad tech hours tie to the Individual tasks

. O_

O

N



BHI-01092
Rev. 1

DISTRIBUTION

U.S. Department of Energv
Richland Operations Office

O. C. Robertson H0-12
G. I. Goldberg H0-12

ERC Team

M. A. Casbon, BHI T2-05

K. E. Cook, CHI H9-02
J. W. Darby, BHI HO-18
S. K. DeMers, THI L6-06

R. L. Donahoe, BHI H0-17

C W. Hedel, CHI H9-03
J. D. Ludowise, CHI H9-03
A. R. Michael, BHI H0-17

B. Mukherjee, BHI HO-17

F. V. Roeck, BHI H0-17
K. A. Sykes, CH2M HILL PDX

W. S. Thompson, BHI 119-03
S. J. Trent, BHI H9-03
B. L. Vedder, BHI H0-02
C. Ward, CHI H9-01

Document and Information Services (3) H0-09
DOE-RL Public Reading Room H2-53
Hanford Technical Library P8-55

Distr-1



THIS PAGE INTENTIONALLY
LEFT BLANK

BH1-01092
Rev. 1

41
Distr-2


	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF
	22.TIF
	23.TIF
	24.TIF
	25.TIF
	26.TIF
	27.TIF
	28.TIF
	29.TIF
	30.TIF
	31.TIF
	32.TIF
	33.TIF
	34.TIF
	35.TIF
	36.TIF
	37.TIF
	38.TIF
	39.TIF
	40.TIF
	41.TIF
	42.TIF
	43.TIF
	44.TIF
	45.TIF
	46.TIF
	47.TIF
	48.TIF
	49.TIF
	50.TIF
	51.TIF
	52.TIF
	53.TIF
	54.TIF
	55.TIF
	56.TIF
	57.TIF
	58.TIF
	59.TIF
	60.TIF
	61.TIF
	62.TIF
	63.TIF
	64.TIF
	65.TIF
	66.TIF
	67.TIF
	68.TIF
	69.TIF
	70.TIF
	71.TIF
	72.TIF
	73.TIF
	74.TIF
	75.TIF
	76.TIF
	77.TIF
	78.TIF
	79.TIF
	80.TIF
	81.TIF
	82.TIF
	83.TIF
	84.TIF
	85.TIF
	86.TIF
	87.TIF
	88.TIF
	89.TIF
	90.TIF
	91.TIF
	92.TIF
	93.TIF
	94.TIF
	95.TIF
	96.TIF
	97.TIF
	98.TIF
	99.TIF
	100.TIF
	101.TIF
	102.TIF
	103.TIF
	104.TIF
	105.TIF
	106.TIF
	107.TIF
	108.TIF
	109.TIF
	110.TIF
	111.TIF
	112.TIF
	113.TIF
	114.TIF
	115.TIF
	116.TIF
	117.TIF
	118.TIF
	119.TIF
	120.TIF
	121.TIF
	122.TIF
	123.TIF
	124.TIF
	125.TIF
	126.TIF
	127.TIF
	128.TIF
	129.TIF
	130.TIF
	131.TIF
	132.TIF
	133.TIF
	134.TIF
	135.TIF
	136.TIF
	137.TIF
	138.TIF
	139.TIF
	140.TIF
	141.TIF
	142.TIF
	143.TIF
	144.TIF
	145.TIF
	146.TIF
	147.TIF
	148.TIF
	149.TIF
	150.TIF
	151.TIF
	152.TIF
	153.TIF
	154.TIF
	155.TIF
	156.TIF
	157.TIF
	158.TIF
	159.TIF
	160.TIF
	161.TIF
	162.TIF
	163.TIF
	164.TIF
	165.TIF
	166.TIF
	167.TIF
	168.TIF
	169.TIF
	170.TIF
	171.TIF
	172.TIF
	173.TIF
	174.TIF
	175.TIF
	176.TIF
	177.TIF
	178.TIF
	179.TIF

